








} 
<= 
| 


| 




















































































need 
A.E.C. 
diesels 





A World Review of 
DESIGN & PRODUCTION - RESEARCH & DEVELOPMENT 


275 b.h.p. 
AV11006 6 cyl. diesel engine 
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No other power units will prove so consistently efficient for 
industrial plant and contracting equipment as the A.E.C. range 


of high torque diesel engines. 


From 50 b.h.p. to 275 b.h.p. (turbo-charged up to 360 b.h.p.), 

they develop an instant, lively, full-throated flexible power 

year in and year out—always at low cost. Their outstanding efficiency 
is based on A.E.C.’s 30 years’ experience of designing and building 
diesel units for widely varying duties; their inherent dependability 

is still further assured by far-flung service facilities. 


A.E.C. DIESELS 
ARE PROVIDING POWER FOR: 


EARTH MOVING EQUIPMENT - AIR COMPRESSORS 
MOBILE CRANES - EXCAVATORS - SCRAPERS 
AND GRADERS - TRACTORS AND BULLDOZERS 
OILFIELD EQUIPMENT - PUMPING SETS 
CONTRACTORS” PLANT - DIESEL TRAINS 
HEAVY-DUTY VEHICLES * DIESEL ELECTRIC PLANT 
SHIP’S AUXILIARIES 


































































































50 b.h.p. 
AV3126 4 cyl. diesel engine 
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Experience Gan’t Be Copied Le 
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.... but you can use the experience of FRASER 









—the first and foremost name in hydraulics — | 
to guide you in planning the best, safest and 
most reliable methods of automatically con- 
Un, trolling processes and machinery. FRASER 
? & E Mono-Radial Pumps and Control Valves are ; 
= made to give long service life with unimpaired 
efficiency and minimum maintenance costs. 


They are built to last longer—much longer. 


FRASER 


FIRST AND FOREMOST IN HYDRAULICS | 


ANDREW FRASER & CO LTD | 
64-65 VINCENT SQUARE WESTMINSTER LONDON SW1 
GRAMS: MONORAD SOWEST LONDON 


- ino ate Gh he ck. Sh Se le ck ee A oe 


TEL: VICTORIA 6736-9 
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NICKEL ALLOY STEELS 


ensure reliability 
bolted constructions 
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TYPICAL MECHANICAL PROPERTIES OF: . NJ ; i i 


: . , ‘ nickel-chromium steel are as follows: 
For high tensile steel bolts needed in locations where follor 


stress is a factor, designers specify nickel alloy steels, 
and quite usually the nickel-chromium alloy steel 
En III, the properties of which are quoted below. 





Yield | Maximum | Elongation} Izod 
SIZE | WEAT TREATHENT Point t.s.i. |Stresst.s.i.) percent | ft. Ib. 





En III nickel-chromium steel is specified for connecting 























rod bolts by leading manufacturers of passenger cars, rll on Oil quenched 830°C 36.8 50.9 26 75 
buses and tractors. The design of these bolts is highly vil Ge. Tempered 600°C 47.4 55.6 22 75 
individual as will be seen from the illustration which 14” dia. 50.8 59.2 21.5 59 





| shows three examples from the current production of 
| Acton Bolt Co. Ltd., Acton, W.4, who supply leading By utilising the better properties obtainable in more highly-alloyed nickel 
British and American companies in the automotive steels, dimensions can be reduced, lighter constructions produced, distortion 
trade, through heat treatment minimised and reliability and economy achieved. 
In this competitive business, the basic aim is to 

provide the high tensile properties required at the 
lowest cost. This aim is achieved by cold heading, 

thread rolling and the use of nickel-chromium steel. 


Send for ‘The Mechanical Properties of Nickel Alloy Steels’ e 


MOND NICKEL 


ry The Mond Nickel Company Limited - Thames House: Millbank - London SWi1 
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visit this fine new 















MACHINE TOOL SHOWROOM 






where you can see 
displayed a wide 
range of machine 
tools by leading Bri- 
tish and Continental 


manufacturers. 
Monks & Crane, Completely new to 
Britain’s Foremost this country, the 


Distributors of 
Engineers’ Cutting 
Tools, are now 
applyingtomachine 
tools their long 
tradition of service 
to industry. 


“AZETA" GL 80 
horizontal boring 


machine with 3}” dia. 












spindie. Powered by 
10 h.p. motor, is 
complete with 
accessories for 
facing, boring, vertical 
milling, horizontal 
milling and 


screw-cutting. 


MACHINE TOOL DIVISION 
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| PITMAN TECHNICAL BOOKS 


A DIGEST OF ELEMENTARY CHEMICAL THERMODYNAMICS 

By D. Shireby, A.R.I.C. 

This book provides an elementary account of chemical thermodynamics suitable for use by students in the earlier years of technical college 
and university courses and in the sixth forms of grammar schools. The mathematics involved are fairly easy and the text includes many worked 
examples. Price 20/- net. 


SURVEYING 

By A. Bannister, M.C., B.Sc., etc., and E. S. Raymond, B.Sc., etc. 

A new textbook for the examinations of the H.N.C. and Diploma in Civil and Structural Engineering and in Building; !.C.E. Part Il; R.1.C.S.; 

' Dip.Tech. and Degrees in Engineering. It provides a direct approach to the subject and covers modern instruments and techniques. Pitman 
Engineering Degree Series. Price 45/- net. 


FUNDAMENTALS OF ELECTRONIC DEVICES AND CIRCUITS 

By Wells L. Davis and Herman R. Weed. 

A new book which covers much of the electronics material dealt with in British Degree and Diploma Engineering Courses. The chapters on 
Regulators and Magnetic Amplifiers are particularly well done and the book has a special value as a college or departmental library book for 
‘ additional reading. Price 60/- net. 


ENCYCLOPEDIC DICTIONARY OF ELECTRONICS AND NUCLEAR ENGINEERING 

By Robert |. Sarbacher. 

The first and only encyclopedic dictionary to include all terms, equipments, elements, components and systems. The outcome of twelve years 
meticulous research, it forms a massive, inexhaustible compilation of the latest scientific information in these rapidly changing and expanding 
subjects. To anyone wishing to keep up to date in the fields of electronics and nuclear engineering, this is an essential book. Price £8 net. 


WORK STUDY 

By R. M. Currie, M.I.Mech.E., etc. 

A new book sponsored by the British Institute of Management for all engaged in work study in industry, which is also particularly well suited 
as a textbook. Price 22/6. 


ELECTRONICS 

By A. T. Starr, M.A., Ph.D., etc. 

2nd Edition. 

Specially written by Dr. Starr to cover the requirements of the syllabus for the subject of ‘‘ Electronics "’ in the University of London, B.Sc. 

Engineering Degree, this book will also prove valuable to students taking other courses at this level and such professional examinations as 

those of the I.£.£. and the British Institution of Radio Engineers. In this second edition there is a fuller description of semi-conductors and 
transistors in the light of recent advances. High-frequency valves such as the klystron and travelling wave tube have been introduced and 

recent examination questions have been added. Price 35/- net. 


from all Booksellers 


a PITMAN Parker St., Kingsway, London, W.C.2 
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Utilizing a “ bouncing-light”’ principle, a 
new sight-gauge for indicating Iquid level, de- 
‘veloped by Seirra-Schroeder Controls Division, 
of Glendale, Cal., U.S.A., and reported in 
Machine Design for January 21, 1960, incorpor- 
ates a plastic slip-tube in the bottom of the 
vessel and a prism at the opposite end of an 
inner plastic tube. Incident light passes through 
a viewer window in the base of the slip-tube and 
is transmitted through the inner plastic tube to 
the prism. If the prism is out of the liquid, it 
concentrates and reflects the light, illuminating 
the interior of the tube. When the top of the 
tube is moved down into the liquid and the prism 
is submerged, the light in the prism is absorbed 
by the liquid, and the inside of the tube becomes 
dark. 


* * * 


A multi-spark light source capable of pro- 
ducing high-intensity light of 10-7 sec duration 
for any preset time interval of 10-° sec or more 
has been developed by the Cornell Aeronautical 
Laboratory in the U.S.A. Primarily intended 
for studying ballistics, flutter, vibration, and 
the motion of bodies in confined spaces, the 
system is based on the extremely short light 
flash obtained by discharging a capacitor through 
a spark-gap. The equipment actually in use 
employs five spark-source assemblies, each 
with a barium titanate capacitor, mounted in 
series and separated by lens systems, the capaci- 
tors being triggered by a pressure pulse and set 
to discharge at different times. The discharge 
across the spark-gap, which is powered by a 
10,000-V source, focuses light on a prism, pro- 
viding sufficient illumination on the subject to 
expose the film in a drum-camera. 


* * * 


In an article in the Russian journal Sta/ for 
January 1960, it is claimed that, by using an 
alternating-current electrolytic pickling method, 
it is possible to obtain a considerable increase 
in the efficiency of pickling operations, com- 
bined with a reduction in the consumption of 
electrical energy and chemicals. In this process, 
cold- or hot-rolled steel sheet is passed through a 
0-5 to 0-7N hydrochloric acid bath between 
graphite electrodes, 70 mm apart, supplied with 
an alternating current of 50 cps at a voltage of 
from 2-8 to 5-5 V and a current density of from 
4 to 9 A/dm?. The sheet is not in actual contact 
with the electrodes. It is stated that the use of 
alternating current ensures that the formation of 
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LONDON: Suite 418, Cayzer House, 2/4 St. Mary 7, 


HALLMAC TOOLS 


( 


London, E.C.3. Telephone AVEnue 5792, 


SALES MANAGERS FOR ™ 


THE ENGINEERS’ DIGEST 








Successful buyers are finding more and more that they can cut out unnecessary office routine, 
chasing, complications and costs, by using ONE /00% efficient supply source for their tool needs. 
This means Tools from Hallmac. Hallmac can supply Engineer’s Small Tools, Macrome Treated Tools 
and Hand & Power Tools from an immense and comprehensive stock ; while their distribution and 

service network covers the whole country. To give you a fuller idea of how you can simplify 

your tool buying, and so win greater efficiency, may we send you the latest Hallmac 44 page 

stock list, now recognized as the foremost of its kind? 


MITEF* Office & Depot P.O. Box No. 39, Macrome Road, Wolverhampton. Telephone 52001 (9 lines) 


Mary AX) MANCHESTER: Transport House, | The Crescent, GLASGOW: Central Chambers, 11 Bothwell Street, C.2. 


Salford, Lancs. Telephone Pendleton 3656. Telephone CENtral 5066. 


TAND TOOL DIVISION OF THE BREN MANUFACTURING COMPANY 


JW.Ad 4746 
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chlorine on the surface of the sheet—a consider- 
able drawback in conventional pickling processes 
—is completely eliminated. In addition, it is 
claimed that the process lends itself to applica- 
tions involving the pickling of tubes and wire 
and that it can easily be adapted to automatic 
pickling lines. 
* * * 


As reported briefly in Product Engineering 
(March 21, 1960), a new tough and heat-resistant 
resin developed in Japan is claimed to be 
superior in these respects to the acetal resins now 
nearing production in the U.S.A., as well as 
being equally resistant to friction. Although 
the new plastic, which should be especially suit- 
able for wheels, gears, and machine parts, is, 
like the American material, made from form- 
aldehyde, it is stated that the manufacturing 
process is entirely different, the Japanese tech- 
nique involving dehydration of formalin, fol- 
lowed by mixing it with a special solvent, cool- 
ling to below —100°F, and exposure to gamma 
radiation (Co 60) for some seconds. Despite 
the apparent complexity of the process, it is 
claimed, however, that the Japanese resin can be 
produced more cheaply than the American 
material, and plans for its commercial produc- 
tion are now under way. 


* * * 


Differing basically in operating principles 
from conventional strain-gauges, a new Japanese 
germanium strain-gauge described in Keisoku 
(No. 12, 1959) makes use of the piezo-resistance 
and high anisotropy of germanium crystals. 
Experiments in connection with the reliability 
and operational range of the new strain-gauge 
have shown that it has particularly high sensi- 
tivity and temperature stability when made up 
of a pair of n-type crystals with nearly equal 
electrical resistances and with orientations 
of [110] and [100] respectively. It has also 
proved extremely suitable for measuring dynamic 
strain, giving a good response to vibrations of 
frequencies which are 100 times higher than 
those that can be measured with conventional 
strain-gauges. 


* * * 


A new control principle described in Machine 
Design for March 17, 1960, makes it possible to 
produce devices which are in many ways analog- 
ous with thermionic valves. Designated the 
fluid triode, the new device depends for its action 


6 











SUPPLIERS OF FIRE EXTINOU IS ane 
TUB PYREXE COMPANY Lin Tee 


Factory 
Fire Protection 


In 1960 it is evident that the Government and, 
in fact, all responsible authorities, are intend- 
ing to take strong action to ensure the provision 
and maintenance of adequate fire protection 
in all business and factory premises—necessit- 
ating the installation of Fire Safety Equipment 
of an accepted and approved standard. This 
will undoubtedly affect all industrial concerns 
and we invite those who may be in doubt 
about their fire protection to consult us on 
their problems. Within the wide range of 
“PYRENE” Fire-fighting and Fire-detecting 
Equipment there are appliances to meet every 
present-day fire risk; therefore we are in a 
position to offer impartial advice. 


Furthermore, we have for many years oper- 
ated a nation-wide Maintenance Service which 
provides regular inspection and certification 
of all fire extinguishers on subscribers’ pre- 
mises. 


Yet another “‘PYRENE”’ Fire Protection 
Service, widely adopted by both large and 
small organizations, is our Hire-Maintenance 
Plan that covers the installation of the correct 
numbers and types of fire extinguishers—and 
their maintenance thereafter in efficient condi- 
tion—for a moderate annual fee. 


rons 


FIRE 
PROTECTION 





Whatever your fire problems, 
be sure to consult us for free and impartial 
advice, entirely without obligation. 


THE PYRENE COMPANY LTD 
(Dept. ED4), 9 Grosvenor Gardens, London, 
S.W.1. Telephone: VICtoria 3401 


Head Office and Works: BRENTFORD, MIDDLESEX. 
Canadian Plant: tORONTO. Australian Plant: MELBOURNE. 
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“y Umooih as a hydraulic coupling, but without 
the drag, positive as a friction clutch but never 
needing adjustment for wear, SMITHS magnetic 
| particle COUPLING provides accurate 
{ control of torque without complications. It acts 
as a coupling or brake in either direction 
| and can be remotely controlled from 
any distance. 
If your requirements include coupling units 
| with torque capacities between 1/3 and 
200 lb ft, let us advise you on the application 
| of these units in your plant. 
: AV ATEN 
yn, 
N \ S. SMITH & SONS (ENGLAND) LIMITED 
EX. 
NE. : 
| AP92 INDUSTRIAL PRODUCTS DEPARTMENT, WITNEY, OXON. Telephone WITNEY 678 
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on the collision between low-pressure-gas con- 
trol jets and a high-pressure power jet and, like 
thermionic valves, the control jets of the fluid 
triode can accept both a bias and a superimposed 
alternating signal, so that they can be used in 
many applications in which thermionic valves or 
transistors are currently employed. Because the 
device has no moving parts, it can operate at 
white heat when constructed of refractory 
materials and can also handle signals in the 
audio-frequency band. In addition, it is rugged, 
simple, reliable, and requires no maintenance, 
while its cost in applications where fluid-triode 
systems can replace electronic devices is estim- 
ated to be 1% of that of a transistor or valve. 


* * * 


A paper in the Czechoslovak journal S/évar- 
enstvi (No. 1, 1960), summarizes the results of 
recent laboratory tests in connection with the 
vacuum-degassing of tin bronzes, using a graphite 
crucible containing 30 kg of the molten metal 
and a vacuum of from | to 10 mm Hg for from 
1 to 3-5 min. It is stated that, as a result of this 
vacuum-degassing treatment, the specific gravity 
of the tin bronzes used was increased by about 
0-1 to 0-3, while their mechanical properties were 
greatly improved, their corrosion resistance at 
high temperatures was increased, and there was a 
marked reduction in porosity. It is pointed out, 
however, that even the smallest trace of residual 
phosphorus in the molten bath impairs the bene- 
ficial effects otherwise obtained by the vacuum- 
degassing treatment and leads to a sharp reduc- 
tion in the mechanical properties of tin bronzes. 


* * * 


Diamonds are nowadays used on a large 
scale for use in lathe bits, drills, grinding mach- 
ines, wire-drawing dies, etc., but, as pointed out 
in Philips Technical Review (No. 6, 1959/60), 
industrial diamonds have a maximum useful 
life only when given a definite specific orient- 
ation in the tool. For the purpose of orienting 
diamonds properly in tools, it is necessary to 
know the orientation of its space lattice, and this 
can be effected by the X-ray diffraction method 
which, though very accurate, is a time-consum- 
ing operation. It is now possible, however, to 
overcome this drawback of the X-ray diffraction 
method by means of the X-ray image intensifier, 
which permits direct visual observation of the 
Laue diagram, and reduces the work of orienting 
diamonds to only a few minutes. Furthermore, 
the process is inherently simple and can easily 
be mastered in a few hours. 
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Let the above teil you 
about the Arthur Balfour wide 
range of products! 





THIS INFORMATION WENT ROUND THE 


WORLD IN EIGHTY THREE 


The eruption of Krakatoa in 1883 was the greatest explosion recorded by the human 
race. Its violence makes the most potent Hydrogen Bomb seem like a cracker at a 
Christmas Party, and its message of dust went round the world for years afterwards 
in the form of brilliant sunsets. 

Today, news of technical advances in the field of Engineering and Engineers’ Tools 
gets close industrial attention just as effectively. 

‘Capital’ High Speed Steel Twist Drills, Reamers, Cutters and Engineer’s Tools of all 
kinds set out incessantly to all parts of the world lowering running costs and raising 
industrial productivity. 


STEEL & TOOLS FOR THE WORLD 


ARTHUR BALFOUR 


ARTHUR BALFOUR & CO. LTD., CAPITAL STEEL WORKS, SHEFFIELD, ENGLAND 
Associated Company: THE EAGLE & GLOBE STEEL CO. LTD. 
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BUSINESS NOTES 


Covering a total floor area of 8000 sq ft, and com- 
prising facilities for flame-cutting plate up to 20 ft long, 
6 ft wide, and 8 in. thick, a new fabrication shop has 
been added to the Sheffield works of Keeton, Sons & Co. 
Ltd., a member of the Firth Cleveland Group. The com- 
pletion of this shop enables the firm to construct all its 
future sheet metal working machinery to a new modern 
design in fabricated steel, in preference to cast iron. 


* * * 


It is announced by Turner Brothers Asbestos Co. Ltd. 
that their Glasgow office has now been moved to 80 
York Street, Glasgow, C.2. The telephone number and 
Telex address remain unchanged, i.e., Central 2571 and 
Telex 77-113 respectively. 


* * * 


As a further step in the development of their indus- 
trial-engine business, the Ford Motor Company Limited, 
Dagenham, announce that a new sales operations group 
has been formed, and that the sales, supply, production, 
and advertising functions have been reorganized. The 
new operation is headed by Mr. G. T. Jones, manager of 
industrial-engines sales operations, with Mr. G. J. 
Carroll, manager of overseas sales, and Mr. W. R. H. 
Temple, manager of U.K. sales. 


* * * 


Cable & Wireless Ltd. have decided to build a new 
cable-laying ship which will be designed to lay and handle 
all known types of amplifiers and cables, including the 
kind to be used in the 28,000-mile Commonwealth 
round-the-world telephone cable. The ship will be 
launched in 1962, and full specifications will be com- 
pleted in about three months. It has, however, already 
been decided that its gross tonnage will be about 7000 
tons, and that its steaming range will be 8000 miles, its 
sea endurance 60 days, and its maximum speed 15 knots. 
Its carrying capacity will be 1200 miles of lightweight 
telephone cable with repeaters, or 1500 miles of conven- 
tional telegraph cable. 


* * * 


A licensing agreement has been concluded between 
the Albert Mann Engineering Company Limited, of 
Essex, with the Loma Machine Mfg. Co. Inc. and its 
subsidiary, Lobeck Casting Processes Inc., of New York, 
U.S.A. The new agreement extends to the British Com- 
monwealth, exclusive of Canada, and to the outer seven 
countries of the European Free Trade Association, and 
facilitates the supply of Loma and Lobeck metal- 
processing equipment on a basis of British construction. 
The Albert Mann Engineering Co. Ltd. have also taken 
over the whole of the share capital of Roll Race Con- 
veyors Limited, and with it the right to manufacture and 
sell conveyors and handling equipment incorporating 
the patented roll-race system of rolling loads. 


* * * 


Silicon of the highest quality commercially available 
anywhere in the world is to be made in the U.K. by 
Monsanto Chemicals Limited. This development is the 
result of an agreement with the Siemens Companies, of 
West Germany, who are the originatoss of the manu- 
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Get perfect ‘originals’ and 
first-class prints with TUR- [| 
QUOISE pencils. Extra- | 
smooth TURQUOISE 
pencils actually ease your 
work! TURQUOISE lead 
lasts longer for every sha 

ening. Holds a_ needle 
point under great pressure. 
It’s made from 100% elec- 
tronic graphite to give 
denser, more opaque lines 
for cleaner, sharper repro- 
ductions. Lines rub out 
without a trace if required. 
No omissions, no fade-outs, | 
no ‘ghost’ lines on your | 
prints! 17 precise gradings 

from 9H to 6B. i 
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Six high impact, camera black, polystyrene mould- 
ings and three chromium plated die castings, are 
incorporated in the camera which when complete 
Separates into two sections for loading and unload- 
ing. Our subsidiary, the British Optical Lens Co., 
designed and supplied the lens and view finder 
systems——incorporating optically ground glass len- 
ses. The complete production from tools to assem- 
bly and packaging was handled by us. 
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The rapid expansion of the photographic 
market has been accompanied by an ever 
increasing demand for a low-cost camera 
capable of taking photographs usually 
associated with more expensive models. 
To meet this demand the Vista 12 was de- 
signed. It is another excellent example of 
how much can be produced for how little, 
when designer and plastic moulder work 
closely together. 

The Vista 12 incorporates an eye-level view 
finder and precision optically ground glass 
lens system. It is synchronised for flash, 
takes a standard 120 film and produces 
excellent colour shots in bright sunlight. 
It retails at about {1.1.0d. 

Whether you wish to sell to mass markets 
at budget prices or to more exclusive mar- 
kets—we have the plant experience and 
technical resources to meet your needs. 





the plastic moulders 
with the engineering background 


315 Summer Lane, Birmingham, 19. 
Telephone: Aston Cross 1156/7/8/9 








BUSINESS NOTES 


facturing process which Monsanto is to operate at its 
factory in Ruabon, North Wales. Production will begin 
in the last quarter of 1960, and the Monsanto plant will 
produce float-zoned single crystals of high p-type resis- 
tivity or doped float-zoned single crystals of p-type or 
n-type resistivity. Monsanto will also supply polycrystal- 
line rod for further processing, doping, and crystal- 
forming by customers. 


* * * 


An agreement has been concluded between the English 
Electric Valve Company Co. Ltd., of Chelmsford, Essex, 
and Eitel McCullough Incorporated, U.S.A., for the 
exchange of technical information, etc., in connection 
with a large range of klystrons, travelling-wave tubes, and 
power tubes. As a result of this agreement, both com- 
panies will be able to enlarge the range of tubes in their 
respective catalogues and can get into production quickly 
on a composite range of each other’s products in these 
fields. 


* ok + 


It is announced that Cooper & Co. (Birmingham) 
Limited are to acquire a 50% interest in Volcrepe Limited, 
of Glossop, Derbyshire, who will concurrently increase 
their issued capital from £130,000 to £195,000. Cooper 
& Co. (Birmingham) Limited are well-known manu- 
facturers of high-grade felts and felt fabrications, while 
Volcrepe Limited produce a wide range of rubber and 
synthetic products, including sponge-rubber and plastic 
foams. Both are private companies and are already 
associated as joint proprietors of Cooper & Co. (Foams) 
Ltd. 


* . * 


Winston Electronics, Ltd., of Shepperton, Middlesex, 
has become a wholly owned subsidiary of The Dynamics 
Corporation of America, of New York. The terms of the 
merger agreement include payment in cash, together with 
a large block of Dynamics Corporation stock, in return 
for the total shares, privately held, of Winston Electronics 
Ltd. Mr. F. Winston Reynolds will continue as chairman 
and managing director, Mr. R. Laurence as director of 
research and technical director, and Mr. J. Samuels as 
works director, under long-term contracts. Mr. T. 
Anderson leaves the board. 


* * * 


It is announced by the Pioneer Oilsealing & Moulding 
Company Limited, of Colne, Lancashire, that they have 
purchased Lower Clough Mill at Barrowford, Nelson, 
East Lancashire, and will enter into occupation later this 
year. The new premises provide 130,000 sq ft of floor- 
space. 


. * * 


The Hanovia Lamps Division of Engelhard Industries 
Ltd., of Slough, Bucks., have taken over the sole agency 
in the U.K. for Heraeus Quarzschmelze G.m.b.H., of 
Hanau, West Germany, who are well known as manu- 
facturers of high-quality fused quartz in both optical and 
commercial grades for all industrial and laboratory 
applications. 
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WORRIED 
WITH 
PRODUCTION 


PROBLEMS? 
Weathershields can help YOU! | 








They have modern equipment to meet your needs in | 
ferrous and non-ferrous metals for PRESS WORK, 
GLAZED UNITS, FABRICATIONS, ASSEM- 
BLIES, WELDING, SHEET METAL WORK. 





With long experience in engineering technique and 
the ‘know-how’ on up-to-date methods, Weather- 
shields invite you to take advantage of exceptional 
service with final assemblies finished in their own 
painting, polishing and plating shops. 


—— 


LIGHT ENGINEERING DIVISION 


Weathershields Ltd. 


BISHOP STREET, BIRMINGHAM 5 


Telephone: MIDland 5876 (5 lines) 





THE ENGINEERS’ 


DIGEST A 





POWER ano CONTROL 


E.D.C.C. machines and control gear are available 
to meet most requirements. Standard units for 
straightforward applications and ‘tailor made’ 
specials for the most diverse uses. 





Recently supplied to the Welsh 

College of Advanced Technology, 

Cardiff —a multiple motor 

generator set, comprising 

4 machines and two control desks. 

The machine unit comprises :— 

@ 7h.p. D.C. variable speed motor, arranged as dynamometer, 
complete with Tacho-generator 

@ 4kVA alternator 


@ 4kVA alternator with rotatable stator @ The complete unit can be split into two 
@ 7h.p. synchronous motor (left to right) arranged as motor-alternator sets 
dynamometer 


ELECTRO||#-DYNAMIC 


CONSTRUCTION COMPANY LIMITED 


ST MARY CRAY KENT PHONE: ORPINGTON 27551 GRAMS: ELEDAMIC ST MARY CRAY 
CONTROL GEAR DIVISION: BRIDGWATER SOMERSET TEL BRIDGWATER 2882 GLASGOW OFFICE. 40 HOULDSWORTH ST C3 TEL: CENTRAL 2620 
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CONTRACTS 


Following the successful installation of two large 
auto-transformers for the Saskatchewan Power Corpor- 
ation of Canada, The General Electric Company Limited 
of England has been entrusted with a further order valued 
at $235,000 for another three transformers of similar 
design. These transformers have a voltage ratio of 138/72 
kV, two of the units being rated at 22:5/30 MVA, and 
the other at 37-:5/50 MVA. Designed to operate in 
temperatures down to — 40°C, the transformers are 
fitted with on-load tap-changing gear and are of the 
oil-immersed type. Cooling fans, mounted beneath the 
oil-cooling radiator banks, come into operation auto- 
matically whenever the higher of the two specified trans- 
former outputs is required. 


* * * 


One of the largest orders ever to be negotiated in the 
Sudan, for a textile mill worth nearly £6,000,000, has 
been secured against world-wide competition by a 
British consortium comprising The English Electric Com- 
pany Ltd., Platt Brothers (Sales) Ltd., and Marples 
Ridgway and Partners. The mill is being built in Khar- 
toum for Mr. John Theodoracopulos, the President of 
the Sudan American Textile Industry John Theodora- 
copulos Co. Ltd. and is being financed from American 
and British sources. The mill, which will start operation 
in 1961 and will be in full production by 1962 with 3000 
employees, is expected to have an output of 75,000,000 
yards of cloth per year. The civil contractors are Marples 
Ridgway and Partners. The English Electric Company 
Ltd. will supply the diesel generating plant and all equip- 
ment for the distribution and use of the power, Platt 
Brothers will supply the spinning machinery, British 
Northrop the looms, and Sir James Farmer Norton the 
dyeing and finishing machinery. 


* * * 


Orders for electrical equipment worth nearly £2,250,000 
have been placed with The General Electric Company 
Ltd., of Witton, Birmingham, by Richard Thomas & 
Baldwins Ltd., for their new Spencer Works at Llanwern, 
Monmouthshire. The contract embraces the main drives 
for the finishing train of the 68-in. hot-strip mill, which 
will be capable of rolling steel strip at 3250 fpm and will 
be one of the most powerful mills of its kind in the world. 
Five of the six stands will be driven by d.c. motors, each 
rated at 8000 hp, and the sixth by a 7000-hp motor. 
Grid-controlled mercury-arc rectifying plant, totalling in 
output 37-6 MW, will convert the 33-kV incoming supply 
to 1500 V d.c. for the main motors. G.E.C. is also supply- 
ing a considerable amount of ancillary plant for the hot- 
strip mill, including electric drives and equipment for the 
run-out tables and hot-strip coilers. The complete elec- 
trical equipment for two single-stand temper mills in the 
cold-rolling department will also be supplied by G.E.C. 

In addition, it is announced that a further contract, 
valued at £2,000,000, for power-plant and electrical 
equipment has been placed with G E.C. by Colvilles Ltd., 
for extensions to the power-house at their Ravenscraig 
Iron and Steel Works, near Motherwell. Included in the 
contract are two turbo-generators, one of 20-MW, 30- 
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OLYMPIA 
LONDON 
June 25—July 8 


(Sundays excepted ) 








9.30 am—6 pm 


Make sure you visit the greatest engineering event | 
of the year—The International Machine Tool 
Exhibition . . . No-one concerned with quantity 
production—whether in technical, administrative or 
operative capacity—can afford to miss this vast and 
truly comprehensive show at Olympia, London. 

It summarizes the best of contemporary production 


techniques ; it shows the shape of things to come! 


Machine Tools 
Engineers’ Small Tools | 
Gauges and Measuring Equipment 
Testing Equipment 
Electronic Contro! Gear 
Presses and Power Hammers 
Woodworking Machinery 


Heat Treatment Plant 

Here’s your opportunity to see them all under a 
single roof—to see many of them powered and in 
operation—to discuss their application to your 

own production problems with the world’s 
best-informed production experts. 
International | 





Machine Tool 


Exhibition 1960 | 


| 





Organized by The Machine Tool Trades Association “’ 
Brettenham House, Lancaster Place, London WC2 ‘i 
CNL) 
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i Photograph by courtesy of 
OTIS ELEVATOR CO. LTD 
{ 
JAMES ARCHDALE & CO. LTD. 
Registered Office: Works: 
| LEDSAM STREET, BIRMINGHAM, 16 BLACKPOLE WORKS, WORCESTER 
| Telephone: EDGbaston 2276 Telephone: Worcester 27081 (6 lines) 
Sole Selling Agents: ALFRED HERBERT LTD., COVENTRY °* Telephone COVENTRY 89221 
A Member of the Staveley Coa! and Iron Co. Ltd Group 
tation | See our exhibit Stand No. 50, 
WwC2 | International Machine Tool Exhibition, 
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CONTRACTS 


MVA, and the other of 12-MW, 28-MVA capacity; a 
turbo-blower, rated at 90,000 cfm, 40 psig; a 200,000-1b/hr 
gas-fired boiler; feed heaters, condensers, and ancillary 
plant; and all the motors, switchgear, transformers, and 
cabling for auxiliary services. Also being supplied are two 
30-MVA 33/11-kV transformers and the necessary 33- 
kV and I1-kV switchgear. 


* * * 


P. G. Engineering Ltd., of Stockton-on-Tees, a mem- 
ber of the Power-Gas Group, announce that they have 
recently received contracts having a total value exceeding 
£1,250,000 for process plant to be installed in Canada and 
in India. The Canadian contract has been obtained from 
Brockville Chemicals Limited for the complete design, 
construction, and commissioning of a hydrogen plant at a 
new works now in course of erection near Maitland, 
Ontario. This plant will produce 15,000,000 cu ft of 
hydrogen per day, mainly for ammonia synthesis, using 
as a feedstock natural gas delivered by pipeline from 
Western Canada, and will consist of Texaco partial- 
oxidation units operating at about 400 psig, carbon 
monoxide in the Texaco gas being converted into hydro- 
gen and carbon dioxide in a P.G. design of pressure- 
conversion plant using a P.G. catalyst. The carbon 
dioxide is then removed from the converted gas by the 
Bonfield hot potassium carbonate and monoethanolamine 
absorption processes. 

The Indian contract has been received from Fertilisers 
& Chemicals, Travancore, Ltd., South India, for a Texaco 
partial-gasification plant to produce carbon monoxide 
and hydrogen, followed by high-pressure conversion of 
carbon monoxide, and the removal of carbon dioxide 
and residual sulphuretted hydrogen by water-scrubbing. 
The plant will initially process naphtha, but is laid out 
in such a way that, if fuel oil is to be used, the additional 
acid-gas purification plant can be added. An interesting 
feature of this plant is that the carbon produced in the 
Texaco generator is recovered and recycled. 


* * * 


A contract worth nearly £2,500,000 for hydro-electric 
generating plant for two new Spanish power-stations has 
been obtained by The English Electric Company Limited 
in the face of strong European competition. The equip- 
ment comprises three 108,000-hp pump-turbines and 
three 83,333-kVA alternators for installation at Val- 
decanas, and four 36,000-kVA alternators for installation 
at Torrejon, both these power-stations being about 120 
miles south-west of Madrid. This equipment, together 
with the associated 230-kV and 138-kV airblast switch- 
gear, has been ordered by Hidroeléctrica Espanola, the 
power-stations being the first to be built on the Spanish 
section of the River Tagus. The 108,000-hp pump-tur- 
bines at Valdecanas are the most powerful in the world. 

In addition, The English Electric Company Limited 
has been awarded a major contract by the Indian Railway 
Board for the complete electrical equipment, including 
control gear and traction motors, for ten 3600-hp, 1500- 
V d.c. electric locomotives. These locomotives will be 
produced at the Chittaranjan Locomotive Works and will 
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be the first electric locomotives to be built in India. The 
electrical equipment for these locomotives will be so 
designed that, should a failure occur in the control equip- 
ment, operation is ensured by cutting out half the con- 
trol gear and operating with only the other half in circuit. 


* * * 


The largest rolling mill of its type in Western Europe 
has been ordered by James Booth Aluminium Ltd. as the 
first part of its £5,000,000 re-equipment and expansion 
programme, and is expected to be in operation in the 
company’s Kitts Green Works, Birmingham, during 
1961. The mechanical side of the new plant, costing 
approximately £1,500,000, has been ordered from the 
Loewy Engineering Co. Ltd., of Bournemouth, Hants., 
and is designed to roll aluminium and aluminium-alloy 
slab ingots weighing up to 6 tons, for the production of 
plate, sheet, and strip. Included in the plant is a reversing 
4-high hot mill, 148-in. in width. As well as providing 
much larger sizes of aluminium-alloy plate, particularly 
to meet the growing demands of the shipbuilding, 
chemical, aircraft, and atomic-energy industries, the new 
plant will greatly augment the production capacity for 
all flat rolled products. 


* - * 


A major order, worth more than £400,000, has been 
received from the aluminium industry by the A.E.1. 
Heavy Plant Division for germanium rectifiers with an 
installed capacity of 42 MW for use in an extension to the 
smelter at Bell Bay, Tasmania. A similar order was 
received in December 1959 by the Division for the largest 
aluminium producer in Norway (Ardal og Sunndal Verk) 
for equipment with a capacity of 108 MW. 
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THE ARC DISCHARGE 
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KIN N. TONG 


A JOHN WILEY BOOK 
Illustrated - 78s. net 





- 63s. net 


Encyclopedia on 
CATHODE-RAY 
OSCILLOSCOPES 
and Their Uses 
JOHN F. Riper & S. D. USLAN 


Second Editions—Revised and Enlarged 
A JOHN RIDER BOOK 
Illustrated 





Over 1150 pages 10 gns. net 





37 ESSEX STREET, LONDON, W.C.2. 
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A Whole Life Policy 


David Brown, in selling you a batch of Precision Hobs, 
or even a “one off,’ are not intent on just getting off 
the order book and on to an invoice. They are concerned 
that their products should give of their best. 
throughout their whole life. 
To ensure that this happens David Brown 
maintain the most comprehensive heat treatment 
batch and individual inspection procedures— each 
Stage the sole responsibility of a craftsman. 
Remember—when you order from David Brown you 
are calling on nearly a century’s accumulated experience. 
Remember— David Brown for precision Hobs. 


DAVID BROWN 


THE DAVID BROWN CORPORATION (SALES) LIMITED 
TOOL DIVISION - PARK WORKS - HUDDERSFIELD - TEL. HUDDERSFIELD 3500 
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PERSONAL 


Mr. F. E. Wilson has been appointed managing 
director of B. Elliott (Machinery) Ltd., of London, 
N.W.10, and also joins the boards of the Victoria 
Machine Tool Co. Ltd. and of the Cardiff Lathe & Tool 
Works Ltd. 


* * * 


As a result of the offer by Albright & Wilson Limited 
for the capital of A. Boake, Roberts & Co. (Holding) 
Ltd. having become unconditional, Mr. F. G. Pentecost, 
chairman of the latter company, has been appointed a 
director of Albright & Wilson Limited. 


© * * 


Hagan Controls Limited, one of the Plessey Group 
of companies, announce that Mr. K. R. Sandiford, 
B.Sc.(Eng.), has joined the company as general manager. 


* * * 


Mr. B. Heath, D.F.C., M.A., managing director of 
Powell Duffryn Carbon Products Limited and a director 
of other companies in the Powell Duffryn Group, has 
resigned to take up another appointment. Following Mr. 
Heath’s resignation, Mr. R. Turner, M.I.Mech.E., 
acting managing director of Powell Duffryn Technical 
Services Limited, has joined the board of Powell Duffryn 
Carbon Products Limited as deputy chairman, while 
Mr. F. W. Stokes, a director and the present works 
manager of the company’s factory at Hayes, has been 
appointed general manager. 


* * * 


Stone-Platt Industries Limited, of London, S.W.1, 
announce the appointment to their board of directors 
of Sir Cuthbert B. Clegg. In addition, Mr. E. A. J. Hall, 
B.Sc., Ph.D., M.I.E.E., has been appointed technical 
director of Epsylon Industries Limited, a member of the 
Stone-Platt Industries Group. 


* * * 


Mr. N. Readman, managing director of The Con- 
solidated Pneumatic Tool Co. Ltd., London, has been 
elected to the board of directors of the New York parent 
company, the Chicago Pneumatic Tool Company, New 
York. 


. * *« 


Tne English Steel Corporation Limited announce that 
Dr. C. J. Dadswell relinquishes his office of managing 
director of Davis & Lloyd (1955) Limited, and is ap- 
pointed chairman. Mr. C. Muirhead, O.B.E., succeeds 
Dr. Dadswell as managing director. Dr. Dadswell is a 
director of the English Steel Corporation, and Mr. 
Muirhead a special director. 


. * * 
It is announced by Arusha Industries Limited that 
Mr. A. B. Lidderdale, M.1.Mech.E., M.I.Prod.E., 
formerly a member of the Cables Group Board and 


deputy to the managing director of Telcon Limited, has 
been appointed personal assistant to the chairman of 
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NON -FREEZE 


INDUSTRIAL | 
LUBRICANTS 


GREASES, GREASE COMPOUNDS | 


and Molybdenum-Disulphide (MoS,) | 
Specialities 


| | 
NON-MELT 


Make this ®® 
simple test— © 







and this 


Prove for yourself by placing a small 
amount in an ordinary refrigerator—or 
hold over a flame. 

Ask for a free sample and mention your 


lubrication problem. 


JET-LUBE LTD. | 


PARK LANE, FALLINGS PARK, WOLVERHAMPTON \ 
TELEPHONE: WOLVERHAMPTON 31295 
London Office: 22, Headfort Place, S.W.1. Telephone: BELgravia 6146/7/8 
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DIES & DIE INSERTS 
©) A 145 53% Chrome Vanadium Molybdenum Steel. 
© XX 369 53% Chrome Tungsten Molybdenum Steel. 


©) 896 Medium Carbon Chrome Vanadium Steel. 
Supplied in ultrasonically tested forged blocks and black 
bars of square, round and rectangular sections. 


DIE CORES 


«®.ock 237 18% Tungsten Vanadium High Speed 
Steel or the same quality of steel as that used for the die. 
Supplied centreless ground to precision limits, in lengths. 


SPECIAL STEELS 


for die casting dies 









Photograph by courtesy of SS bs y 
J. V. MURCOTT LTD. = 5 
Castings 73lbs. each produced —— 
at intervals over 3 years 


EJECTOR PINS 


(XE) 896 Medium Carbon Chrome Vanadium Steel and 
other types. 

Supplied centreless ground and in the annealed condition, 
suitable for upsetting of the ends. 


UNCOATED WELDING FILLER RODS 
© A 145 53% Chrome Vanadium Molybdenum Steel. 


©) X 369 54% Chrome Tungsten Molybdenum Steel. 
5/32” diameter material, in 3 feet lengths, available from 
stock. 

Especially suitable for atomic welding under hydrogen. 


CKAYSER (ELLISON (8. CO.LTD) 


CARLISLE STEEL WORKS SHEFFIELD 
TELEPHONE: SHEFFIELD 22124 
ESTABLISHED 1825 
Midland Stock Warehouse 
Station Road, Coleshill, Birmingham. 


London Stock Warehouse 
4 Pembridge Mews, W.II Telephone BAYswater 9131/2 








Tel. Coleshill 2041/2 
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PERSONAL 


Arusha Industries Limited. Mr. L. Ingham, A.M.I.E.E., 
formerly assistant general sales manager of Chloride 
Batteries Limited, has been appointed group sales 
manager of Arusha industries, while Mr. A. J. Smith, 
B.Sc., A.M.I.Mech.E., formerly general works manager 
of the Glacier Metal Company, becomes the Group indus- 
trial engineer. 


* ~ . 


Following increasing expansion and industrial com- 
mitments, Foster, Yates and Thom Ltd., heavy precision 
engineers and boilermakers, of Blackburn, Lancs., have 
created the new post of assistant general manager. 
Mr. O. D. Gwilliam has been appointed to this position 
and will be assistant to Mr. R. Lucas, the company’s 
general manager. 


* * . 


Following his resignation as technical assistant to 
the managing director of the Shell Chemical Co., Dr. C. 
Webber has been appointed a director of the Yarsley 
Research Laboratories and also of the Yarsley Testing 
Laboratories. 


* * « 


Richard Sutcliffe Limited, of Horbury, Wakefield, 
Yorks., announce the appointment of Mr. M. Reid 
Moore as general sales manager. 


- x . 


Mr. T. P. Everett, B.A., M.I.Mech.E., has joined 
the board of Hawker Siddeley Brush Turbines Ltd. as 
sales director. 


* * * 


It is announced by Electrothermal Engineering Ltd., 
of London, E.7, that Mr. G. Wright, A.M.I.E.E., 
A.M.I.Mech.E., has joined the company as chief 
engineer. 

* «© * 


Mr. A. Garratt has been appointed public-relations 
manager of D. Napier & Son Limited in succession to 
Mr. C. G. Hollowell, who has become the joint deputy 
publicity manager (general) of the English Electric Com- 
pany Limited. 


* > * 


Mr. J. E. Smith, managing director of the National 
Gas & Oil Engine Co. Ltd., has been elected to the board 
of Mirrlees, Bickerton & Day Ltd., both of these com- 
panies being members of the Hawker Siddeley Group. 


* - * 





MR. OSCAR RENDELL 





It is with regret that we announce the death on 
March 5, 1960, at the age of 75, of Mr. Oscar Rendell, 
M.I.Mech.E., a director of H. W. Kearns & Co. Ltd., 
after more than 51 years service with the company. 
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FUEL 
EFFICIENCY 
& POWER 
FOR INDUSTRY 
EXHIBITION 


27th APRIL—é6th MAY, 1960 | 
Grand Hall OLYMPIA London 


The 1960 Fuel Efficiency & Power for Industry 
Exhibition will be the largest display of fuel and 
power-saving equipment ever to be shown. Nearly 
150 exhibitors will demonstrate the widest possible | 
range of fuel efficiency and power-saving equipment, 
including the following :— 





Every conceivable type of Steam Raising Plant. 
Economisers 

Automatic Control Gear 

Steam Distribution Accessories 

Evaporators 

Instrumentation 

Liquid Fuel and Coal Firing Equipment 

Coal and Ash Handling 

Oil Storage 

Gas and Electrical Furnaces 

Refractory and Insulating Materials 

Gas Producers 

High and Medium Pressure Hot Water Boilers 
Industrial Fuels 

Nuclear Power and many other types of equipment 
associated with Efficiency in the generation and 
utilization of Heat and Power. 








This is, therefore, an opportunity for you to see all 
the latest developments and equipment associated 
with Fuel Efficiency & Power for Industry. 

An important series of Technical Conferences will 
take place during the Exhibition in the Conference 
Hall. A programme of Technical Sessions is now | 
available. | 


For full details please write to the Organisers: 
Provincial Exhibitions Ltd. 


CITY HALL, DEANSGATE, MANCHESTER, 3 
(In association with F. W. BRIDGES & SONS LTD.) | Tel 


THE ENGINEERS’ DIGEST AP 








Ni 







jor 


nent 
and 


WIN 
at | THE BATTLE 
i OF THE BURR 


Ice 
DWC 


| 
igs 


| B. ©. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
>.) | Telephone : 53333 (PBX) Telegrams : MORISFLEX, COVENTRY 
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NEWS ROUND-UP 


Symposium on Wide-Strip Production 


With new mills being built in Scotland and South 
Wales, wide steel-strip production is a subject that is now 
being studied very closely by the U.K. iron and steel 
industry. It is appropriate, therefore, that The Iron and 
Steel Institute should devote the technical sessions at its 
Annual General Meeting this year to a symposium on 
wide-strip production, the scope of this symposium being 
extensive, covering all aspects of strip production from 
steelmaking to manufactured goods. 

The opening session will review the future require- 
ments of the tinplate and vehicle industries, the major 
users of wide strip, and this will be followed by a session 
devoted to steelmaking practice, with papers from the 
Steel Company of Wales, the National Steel Corporation 
(U.S.A.), Cornigliano (Italy), and Hoogovens (Holland). 
The subjects under discussion include converter pro- 
cesses, oxygen in the open-hearth, and quality control. 
Strip rolling is dealt with in the third session, with papers 
from Davy-United and the United States Steel Corpor- 
ation. The fourth session includes papers on the metal- 
lurgical principles of tinplate manufacture (S.C.O.W.), 
the rolling of very thin tinplate (United Engineering and 
Foundry Corporation, U.S.A.), high-speed rolling (John 
Summers), and annealing (Lysaghts, Australia, and 
S.C.O.W.). The final session deals with coatings, i.e., 
tin (S.C.O.W.), galvanizing (John Summers), and 
plastics (B.1.S.R.A.). 

The symposium starts at the Royal Commonwealth 
Society, Northumberland Avenue, London, W.C.1, on 
May 3, 1960. The subsequent sessions, on May 4 and 5, 
will be held in the Hoare Memorial Hall, Church House, 
Great Smith Street, London, S.W.1. Further information 
can be obtained from the Secretary, The Iron and Steel 
Institute, 4 Grosvenor Gardens, London, S.W.1. 


Automatic Programme-Controlled 
Forging of Steel 


For what is believed to be the first time in any country, 
the completely automatic programme-controlled forging 
of steel has recently been successfully demonstrated in the 
experimental forge of the British Iron and Steel Research 
Association in Sheffield. Forging was carried out by a 
precision-controlled 200-ton press interlocked with a 
fast, remote-controlled, experimental manipulator cap- 
able of longitudinal, rotational, and lifting movements, 
using electrical controls developed for both the press and 
manipulator to ensure fast, accurate operation and to 
synchronize the movements of the two machines. 

During forging operations, the press and mani- 
pulator were controlled by a programme-control unit on 
which every detail of the schedule of forging operations 
had been set up. In this schedule, the upper and lower 
limits of the squeeze for every pass were given, the mani- 
pulator feed between strokes was selected, and the 
manipulation necessary between passes was also stored, 
the control unit signalling instructions to the press and 
manipulator in the appropriate sequence. The resulting 
finished forging in some respects exceeded the best cur- 
rent industrial standards as regards dimensional precision, 
and, even so, the job was accomplished twice as rapidly 
as could be expected from the most highly skilled forg- 
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can 
you 

afford 

to stand 
still ? 


...are you still losing time and money by repairing 
screw threads in the old-fashioned way? 

Heli-Coil Screw Thread Repair Kits enable you to replace 
weak or stripped threads in minutes, at a cost almost too 
small to estimate! 

Simply drill, tap and install a Heli-Coil Insert to producea 
conventional thread many times stronger than an un.- | 
protected thread. It will outlast the rest of the part! 
Although the cost of Heli-Coil Inserts is negligible, they 
are capable of making items serviceable when the metal is | 
too worn to withstand ordinary screw thread repair. 
Years of use can now be obtained from parts that would 
otherwise have to be scrapped. The cost of complete 
replacements is saved and the inconvenience of delays. 
Three standard types of Heli-Coil Repair Kits are avail- 
able, plus Special Purpose Kits ‘* taJored *’ for particular 
products. Heli-Coil Inserts are made with either English, 
American or Metric Threads. 


HELI-COll 


screw thread 
repair kits 


* 
HELI-COll 
is a 
registered 
trade 
mark 
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MAIL THIS COUPON 
FOR FULL INFORMATION | 
ABOUT HELI-COIL I 
| PLEASE FORWARD ILLUSTRATED LITERATURE ON HELI-COlL f 

SCREW THREAD REPAIR KITS TO: 

NAME 
| COMPANY .......csssssecssssecesssssecennnseesnnneecennnnseensnssen ] 
| ADDRESS.....-csocscsscsssenttstneenetnesntnernesee | 


| ARMSTRONG PATENTS COMPANY LIMITED, | 
| Eastgate Beverley, Yorkshire. Tel. Beverley 82212 (6 lines) | 
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HEAT EXCHANGE EQUIPMENT 





SERCK Combined Radiator 
and lubricating oil cooler 
for oil well drilling sets. 


SERCK Horizontal type 
SECTIONAL RADIATOR. 





Um and QUALITY TECHNICAL TUBES for THE OIL INDUSTRY 


SERCKALBRA (Aluminium Brass) 
SERCKCUNIK (copper Nickel) 


J-COlL 
) 


“S) —— DMIRALTY BRASS 

e | ALUMINIUM BRONZE 

- 70/30 BRASS 

om J Evaporator for refinery by 
COIL | Procon (Great Britain) Ltd. 





] being tubed with SERCKALBRA 
— Photo by courtesy of 
me ] Richardson, Westgarth & Co. Ltd. 


vn | SERCK RADIATORS LIMITED-SERCK TUBES LIMITED 


nes) , Warwick Road Birmingham II England 


got MEMBERS OF THE SERCK GROUP 
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RENOLD Sprag Clutches 





transmit more torque for size and 
weight than any other clutch 


for *BACKSTOPPING 


as illustrated on this conveyer headstock drive 


*A shaft in conjunction with one 
race can rotate freely in one 
direction but is prevented from 
reversing; there is no measurable 
reverse backlash 

Write for catalogue giving 


details of our comprehensive 
range of over 70 standard 


: : : er 

sizes for backstopping. in- @RWANAY penop CHAINS LIMITED 
dexing and silent over- <=, MANCHESTER 
running with low drag. wo 





ing crew. Despite this fact, it is stated that even more 
rapid operation will shortly be practicable. The forging 
schedule was calculated in advance from a theory, 
worked out in the laboratory, of the change in shape 
during forging. 


The Fourth Production Exhibition 


The Fourth Production Exhibition, to be held in the 
National Hall, Olympia, London, from April 25 to 30, 
1960, has a special appeal to management and, in parti- 
cular, to all those in industry whose task it is to plan for 
productivity, providing, as it does, an effective cross- 
fertilization of important ideas in every industry. 

The exhibition is selective, all exhibits being related 
to the topic of producing goods more cheaply and 
efficiently. The 1960 exhibition promises to contain 
features of more than usual value, and one prominent 
display will consist of the use of computers in production 
control, while an impressive exhibit will be staged by one 
of the leading motor-car manufacturers, who will show 
how the best principles of achieving quality, allied to 
productivity, have been applied to their own production. 


Another interesting feature will comprise exhibits from 
many small firms who, in numbers, form a high per- 
centage of the total engaged in engineering in Britain. 

Apart from exhibits by development associations, 
such as the British Electrical Development Association 
and the Tin Research Institute, there will also be exhibits 
from the British Productivity Council, the Central Elec- 
tricity Generating Board, the British Association for 
Commercial and Industrial Education, and the British 
Standards Institution. In addition, a number of Tech- 
nical Colleges will illustrate modern methods of training 
in production technology and allied subjects. 


The Determination of Gases in Metals 


It has long been recognized that minute traces of the 
gases oxygen, hydrogen, and nitrogen in a metal can 
Significantly affect its mechanical properties and its 
service performance. In order to control these gaseous 
impurities, they must be measured accurately, and many 
new determination techniques have been evolved in 
recent years. A forthcoming symposium on the deter- 
mination of gases in metals, organized by the Society for 
Analytical Chemistry in conjunction with The Iron and 
Steel Institute and The Institute of Metals, will review 
the present position, and will survey the latest techniques 
available. In addition to authoritative review papers 
covering each of the three gases, there will be papers on 
vacuum-fusion, carrier-gas, activation-analysis, emis- 
sion-spectrometric, and internal-friction methods of 
determination from experts in these fields. 

The symposium will be held at Church House, Great 
Smith Street, London, S.W.1, on May 3 and 4, 1960. 
Further details and forms of registration can be obtained 
from the Secretary, The Iron and Steel Institute, 
4 Grosvenor Gardens, London, S.W.1. 





Classified Advertisements 
SITUATIONS VACANT 


Applications are invited for the position of 
STEEL WORKS PROJECT ENGINEER 


from men qualified in the layout and operation of Steel Works Plant 
and the co-ordination of requirements for Heavy Shears, Handling 
Equipment and Ancillary Gear, etc. 

Applicants should be able to guide general designs to meet speci- 
fications and supervise the manufacture of building of complete equip- 
ments. 

The opening offers excellent prospects for a man of proved ability 

Please write, giving full particulars of age, training and experience, 
to Box EDI4 


WANTED 


Ball and Roller Bearings etc. wanted. Also surplus goods—espec- 
ially hand tools—of all descriptions. R. Pordes, 138 New Cavendish 
Street, London, W.1. MUSeum 5250. 


YP” 








Visit Stand S 850 1.E.A. Exhibition May 23rd-28th 
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Anderton 
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CATALOGUE from ANDERTON SPRINGS Ltd. (A2) BINGLEY 2388 
London Office : 
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60 amp. Input Junction Box 
moulded by A.E.1. Plastics 
(Aldridge) Ltd. for Siemens 

ison Swan. The four 
moulded components are 
Shown in the inset drawings. 


m » 


BEETLE aough moulding Compound 
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B.1.P. CHEMICALS LIMITED * OLDBURY * BIRMINGHAM °* Phone: Broadwell 2061 
London Office: Haymarket House, 28 Haymarket, S.W.1 
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Beetle Polyester D.M.C., the new fast-curing 
moulding compound, is especially suitable 
for moulding electrical components. It has 
excellent anti-track and electrical insulation 
properties, high mechanical strength; dimen- 
sional stability above normal for thermo- 
setting materials; good heat resistance. 
A.E.I. Plastics (Aldridge) Ltd. use Beetle 
D.M.C. for moulding several types of electrical 
distribution gear, using conventional com- 
pression and transfer presses. Write for 
technical leaflets. 


* Phone: Trafalgar 3121 








NEW TECHNICAL BOOKS 


Kempe’s Engineers Year-Book for 1960. 65th edition. 
Edited by C. E. Prockter, M.I.E.E., M.I.Mech.E., under 
the direction of B. W. Pendred, M.I.Mech.E., M.I.S.1. 
2750 pages. Publishers: Morgan Brothers (Publishers) 
Ltd., 28 Essex Street, Strand, London, W.C.2. Price 
(two volumes in case): 87/6; postage 2/6. 

As always, this valuable reference work provides a 
ready source of information on practically every branch 
of engineering and, as in previous editions, every chapter 
in this new edition has received close attention, ensuring 
that the contents are kept up to date. Thus, chapters 
which have been rewritten include those on ** Electronic 
Engineering *’, ** Nuclear Power ”’ (replacing the chapter 
on ** Atomic Power ”’), ** Prestressed Concrete ’’, ** Diesel 
Locomotives and Railcars ’’, ** Railway Brakes ”’, ** Rail- 
way Signalling’’, and “ Naval Architecture’’. More- 
over, useful additions have been made to nine other 
chapters, and alterations resulting from the issue of 
new and revised British Standards have been included. 


Data Sheets on Moulding Sands. 2nd edition, 1960. 
56 pp., 60 illustrations. Published by The British Steel 
Castings Research Association, 5 East Bank Road, 
Sheffield 2. Price: 30/-. 

As a result of the favourable reception accorded to 
this book and numerous requests for further information 
on moulding sands since the appearance of the first 
edition in 1956 and a second impression in 1957, both 
restricted to members of The British Steel Castings 
Research Association, it was decided to make it available 
to a wider readership. The result is this second edition, 
which has been revised and enlarged, and which will 
certainly be of considerable value to those concerned 
with the production, distribution, and use of moulding 
sands, and also to research workers, technical colleges, 
reference libraries, and information bureaux. 

The data sheets included in this book are the result of 
the first systematic attempt so far made in Great Britain 
to present clearly and conveniently a large arnount of 
information on the subject. The sources and properties 
of no less than 45 sands, both British and Continental, 
suitable for moulding purposes in steel-foundry work, are 
presented on each data sheet, the necessary information 
having been presented by the Association, members of 
B.S.C.R.A., sand suppliers, and the Refractories Depart- 
ment of Sheffield University. The type, source, and 
supplier of each sand is clearly stated, and the chemical 
and mechanical analyses are set out in tabular form. The 
grain shape and refractoriness are indicated, and a graph, 
showing the cumulative grading curves, is reproduced in 
each case. In addition, graphs showing the bonding pro- 
perties appear on a number of these data sheets. 
Furthermore, a concise survey of the types and occurrence 
of sands in Britain is included, as well as explanatory notes 
relating to the data sheets. 


Principles of Servomechanisms. By A. Tyers, A.M.Brit. 
I.R.E., and R. B. Miles, Grad.Brit.I.R.E. 184 pp., 190 
illustrations. Publishers: Sir Isaac Pitman & Sons, Ltd., 
Parker Street, Kingsway, London, W.C.2. Price: 25/-. 

Although the use of servomechanisms is becoming 
more and more frequent, would-be students of the 
subject are often debarred from further progress through 
lack of a knowledge of advanced mathematics, as the 
study of servomechanisms normally involves the form- 
ation and solution of various types of differential equa- 
tions. This book is therefore directed towards those who 
do not require a rigorous treatise on servomechanism 
theory but who would welcome a practical knowledge of 
these mechanisms without needing the background 
mathematics essential for advanced studies. 
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With this object in view, this interesting book admir- 
ably serves its purpose, even though it has made it 
necessary to generalize on the effects of some types of 
feedback and control methods—an inevitable com. 
promise if the use of calculus must be avoided. In fact, 
no mathematical knowledge beyond elementary trigono- 
metry is required of the reader, though it is assumed that 
he is familiar with general radio and electronic circuitry 
and the fundamentals of electricity. In short, junior 
engineers and technicians should find the practical details 
given in this book a very helpful introduction to machines 
incorporating automatic control. 


Applied Heat for Engineers. 3rd edition, 1959. By 
J-B. O. Sneeden, B.Sc., Ph.D., F.R.S.E. 394 pp., 170 
illustrations. Publishers: Blackie & Son Limited, 17 
Stanhope Street, Glasgow, C.4. Price: 25/-. 

Providing comprehensive information for students 
of heat engines, this excellent book gives a clear and 
thorough account of the physical principles of heat and 
their applications to heat engines. As such, it has enjoyed 
a deserved popularity since the appearance of the first 
edition in 1947, and the publication of the second edition 
in 1953, which was enlarged to cover compressors and 
gas turbines. 

In this third edition, there is an additional chapter on 
refrigeration, which should appeal especially to students 
of marine engineering and sea-going engineers taking 
the Ministry of Transport Examinations in Heat Engines. 
As before, a number of worked examples has been added 
in the text, and questions and their answers are included 
at the end of each chapter. 


F.B.I. Register of British Manufacturers, 1960. 32nd 
edition, 1164 pages. Published for the Federation of 
British Industries by Kelly’s Directories Ltd. and Iliffe & 
Sons Ltd., Dorset House, Stamford Street, London, 
S.E.1. Price: 42/-. 

As always, the F.B.I. Register is a comprehensive and 
accurate guide to a substantial cross-section of British 





~ 


industry, containing lists of the products and services of | 


more than 7500 member firms under more than 5400 
alphabetical headings. 

In addition to the classified buyers’ guide, there are 
seven other sections in the Register, giving the addresses 
of companies and firms, and valuable information in 
connection with trade associations, proprietary names, 
trademarks, etc. In addition, French, German, and 
Spanish glossaries give translations of every product 
and term used in the main buyers’ guide. There can be 
no doubt that, iike its predecessors, this new edition will 
prove extremely useful to importers, buyers, trade com- 
missioners, Chambers of Commerce, commercial 
attachés, reference libraries, and departments of trade and 
industry throughout the world. 


The Lead Storage Battery. 4th edition, 1959. By H. G. 
Brown, A.M.I.E.E. 166 pp., 81 illustrations. Publishers: 
John Sherratt & Son, Park Road, Altrincham, Cheshire. 
Price: 24/-. ; 

Beautifully produced and illustrated, this well-written 
and authoritative book constitutes a vade-mecum of the 
lead storage battery and is an invaluable reference work 
and guide to all those who employ and maintain lead- 
acid cells of every description. ’ 

After a brief introduction dealing with the chemistry 
of the lead-acid cell, details are given of the formation 
and structure of plates and of Planté and Faure types of 
cells. In addition, information is given on stationary 
batteries, battery traction, stand-by batteries, batteries 
for special duties, and battery economics, as well as the 
electrical characteristics of batteries. The question of 
impurities which may seriously affect both the perform- 
ance and life of batteries is also discussed, and a brief 
exposition of the ionic theory is included. An unusually 
comprehensive index is appended. 
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who said plastic mouldings ? 


No—not common or garden plastic 
mouldings but the real stuff. Nylon, 
dear boy—that’s the answer to precision, 
wear, worry, smooth and silent running. 


Astonishing what these Wragby people 





produce these days. Makes a metal- 


minded man meditate. 




















| saw gears, pulleys, bushes, bearings, 
brackets, gliders, washers and clips 
all produced in nylon. 
Get your mind off nylons for a 
change — ring those people at 
Wragby — tell them to talk nylon 
to you. Apart from nylon these 
Wragby people cover the whole field 
of thermo-plastics and it costs nothing 
to talk. They actually offer the full 
facilities of their design and 
development staff — and that’s 


really something these days. 


RING — 
a NYLON FOR ENGINEERS 
— WRAGBY 383/4/5 


i BAGBY PLASTICS 


THE PEOPLE FOR PLASTICS 
GODFREY HOLMES (Plastics) Ltd., WRAGBY, LINCOLN. Wragby 383/4/5 


display at the Packaging Centre 50 Poland Street, W.!. Open Daily 10 a.m. 6 p.m. 


WT/9944 
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LATEST INDUSTRIAL LITERATURE 


TUTTE 





1. Link Belts. A comprehensive 32-page brochure deals 
with a wide variety of leather and synthetic-rubber link 
belts which combine flexibility and durability with silent 
and smooth running and low power absorption. Numer- 
ous applications of link belting are described, and tables 
of power-correction factors and other useful design data 
are also given. A number of supplementary leaflets deal- 
ing with extruded rubber sections, fenders, and tools for 
belt installation are also available on request. 


2. Milling Cutters. The range of heavy-duty high-speed- 
steel milling cutters presented in a 4-page leaflet includes 
helical cut-end mills, slow-spiral and taper-shank end 
mills, reflex and woodruff cutters, as well as slotting drills 
and copy and die milling cutters. These cutters, which 
are claimed to have exceptionally long life, can be used to 
best advantage at heavy tooth loads without the necessity 
of frequent regrinding. 


3. Pneumatic Equipment. Particulars are contained in an 
illustrated 8-page brochure of a range of pneumatic equip- 
ment, including single- and double-acting air cylinders, 
hydro-pneumatic units, pressure switches, and boosters, 
as well as pilot electro-valve units. Practical examples of 
applications of this equipment in welding guns, and 
in cutting-off and drilling machines are also dealt with. 


4. Oil-Retaining Bearings. A well-presented 12-page 
catalogue details the fundamental operating principles 
and performance data of a range of sintered oil-retaining 
bearings. Manufactured by powder metallurgy, these 
bearings possess a strong and rigid structure and have 
exceptional oil-retention capacity. The range of applica- 
tions of the bearings, which are produced in plain 
cylindrical, flanged, spherical, and closed-end versions, 
includes tractors, elevators, motor vehicles and trucks, 
pumps, compressors, line shafting, pulleys, clutches, and 
numerous types of machine tools. 


5. Alloys for Jigs and Fixtures. Enabling an increase in the 
effective life of jigs and fixtures and maintaining the 
original accuracy of the shape over long periods, a 
corrosion- and abrasion-resistant hard-facing alloy is 
presented in an illustrated 12-page brochure. The applica- 
tions listed include drilling and milling jigs, cams, chain- 
link blocks, slide wedges, interlock levers, etc. Recom- 
mendations are also given on the design of hard-wearing 
ejectors, grip joints, tipped plates, and cam plates. 

6. Silicone Fluids. An _ illustrated 8-page brochure 
describes the engineering applications of the range of 
silicone fluids produced by a leading manufacturer. The 
silicone fluids have good thermal stability, show a remark- 
ably small reduction in viscosity with increasing temper- 
ature, and resist breakdown due to shear. They are water- 
repellent and retain good dielectric characteristics over a 
wide range of temperatures and frequencies. Other 
desirable properties of the fluids are low volatility, low 
freezing point, and high flash point. 
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7. Self-Locking Screws, Nuts, and Bolts. Eliminating the 
need for lock washers, safety wiring, or any other costly 
locking devices, a range of self-locking screws, nuts, and 
bolts is presented in a 6- -page brochure. The locking 
element of these units consists of a tough resilient nylon 
pellet which is inserted into the body of the nut, screw, or 
bolt, setting up a spring-like wedging action and securely 
gripping the thread. The application of these fixing 
elements saves blind-hole tapping and other complex 
operations, as a self-locked bolt can be used through a 
tapped hole without the risk of fluid leakage. 


8. Ball Screws and Ball Spindles. Translating efficiently 
rotary motion into linear motion with a minimum of 
effort and freedom from backlash, a range of ball screws 
and ball spindles described in an illustrated 6-page folder 
includes high-helix, trunnion, multiple-circuit, and pre- 
loaded ball screws and ball splines with ope srating- torque 
ratings from 35 to 50,000 Ib in. Guidance is given on the 
selection of suitable components for torque-thrust con- 
version, and tables of operating loads, life-conversion 
factors, and critical speed ranges are also included. 


9. Air Compressors. A range of air compressors des- 
cribed in a 16-page brochure incorporates a number of 
advanced design features, such as a force-feed lubrication 
system, separate piston and gear pumps to the cylinders 
and running gears respectively, truncated aluminium 
pistons, and a single-piece box-type crosshead which 
requires no adjustment. The V-cylinder arrangement of 
the compressors and the use of flange-mounted motors 
help to minimise space requirements, drive being pro- 
vided by squirrel-cage or slip-ring induction motors, or 
alternatively by a synchronous motor where power- 
factor correction is desired. 

10. Permanent-Magnet Chucks. Providing greater grip- 
ping power, a powerful side grip for precision squaring, 
and rapid coupling and single-point control for gang 
chucking, the range of permanent-magnet chucks pre- 
sented in a 20-page brochure includes rectangular and 
universal permanent-magnet chucks, as well as sine- 
angle chucks, for use on milling, jig-boring machines, etc. 
Details are also given of a tilting-block adapter which 
can be set at any desired angle to permit rapid setting 
of angular workpieces with practically no reduction in 
gripping power. 

11. Magnetic-Amplifier Variable-Speed Drives. Wide 
speed range, instant starting, local or remote finger-tip 
control, and minimum maintenance are some of the 
basic advantages of the magnetic-amplifier variable-speed 
drives described in an illustrated 8-page brochure. The 
drives, which are recommended for applications in 
machine tools, conveyors, pumps, test rigs, extruders, 
vibrators, stokers, and pulverizers, comprise two units, 
namely, a magnetic-amplifier controller and a variable- 
speed d.c. motor. Against —_— torque a stepless 
speed range of at least 20:1 is provided, and against 
constant horse power a 3 - speed range, but wider 
speed ranges can also be obtained for special drives. 

12. Flame Plating. An illustrated 6-page leaflet deals 
with a flame plating process, in which thin coatings of 
tungsten carbide are applied to various materials, thus 
achieving outstanding wear resistance under severe condi- 
tions of fretting corrosion, wear, and abrasion. The 
process involves the use of a specially constructed gun, 
in which particles of tungsten carbide are suspended in a 
mixture of oxygen and acetylene. When this mixture is 
ignited, a detonation takes place which heats the particles 
to a plastic state and hurls them from the barrel at a 
supersonic velocity, so that they embed themselves in 
the surface of the workpiece. A microscopic welding 
takes place, resulting in a tenacious bond. One of the 
major advantages of the process is that the temperature 
of the workpiece seldom exceeds 400°F. There is, there- 
fore, little chance that the part being plated will warp, 
or that its properties will undergo any change. 
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FORD TRANSMISSION COUNTERSHAFT GEARS 
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MACHINED IN 45 SECONDS 


This 12-spindle No. 10 Ryder Verticalauto 
produces two machined transmission counter- 
shaft gears at each index. 

Stellite and H.S.S. Tools cutting at moderate 
peeds and feeds have climinated swarf prob- 
lems and hydraulic operation of the mandrels 
and automatic hydraulic operation of the 
Loose Headstocks make loading easy to 
achieve within the cycle time. 


VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, 
Bolton, England. 

Aakers also of single spindle Rydermatics and Piston 
Ring Lathes. 
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ROCK WELD : 
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COMMERCE WAY- CROYDON - SURREY Tel: CROYDON 76h __ 
{ 


% Adaptable for fully automatic welding 


| API 


30 THE ENGINEERS’ DIGEST 









I( ELEGTRO-SLAG WELDING—NEW APPLICATIONS 
: THINKING AT THE DESIGN STAGE 


A new process frequently offers unique opportunities for improvement in quality, for lowering of 
production costs or even scope for truly original application. Re-assessment of problems in 
design may be possible. To promote new thinking at the design stage two new applications 
for electro-slag welding by the Rockweld-Vus Vertomatic machine are described. 
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: ’ particular section was 
~ btained with a single water 
poled shoe on a flat sur- 
yce. It could equally well 
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ADVANTAGES OF THE 
ELECTRO-SLAG PROCESS 
Vertical Welds in heavy material, impossible by 
conventional methods. 
Unlimited thickness can be welded. 
Manipulation of work into position suitable for 
conventional welding, difficult and expensive with 
unwieldy heavy sections, is avoided. 
Elaborate plate preparation is eliminated. 
All welding is done in a single pass—the de- 
slagging and chipping unavoidable with multi-pass 
welding is eliminated. 
Comparative little flux powder is needed and there 
is no need for continuous flux recovery. 
High thermal efficiency allows outstanding 
economy in welding power consumption. 
Can replace heavy forging and casting of heavy 
parts. 
Plate need not be accurately aligned. 
The process is fully automatic. 
Very high rate of deposition—up to 40 to 50 lb. 
per hour. 


%* Production time can be rated in hours 
instead of days, with less welding labour. 





T-welds in heavy plates or 
forgings often present prob- 
lems in design and con- 
struction. | Homogeneity 
and shaping of such welds 
may be difficult in execu- 
tion by conventional weld- 
ing methods. Electro-slag 
welding overcomes such 
difficulties, provides 100°, 
radiographic results and 
mechanical properties su- 
perior to plate material for 
most constructional steels. 


No plate preparation is 








ws to suit particular 


quirements. necessary for this weld. 














——— WELDING 


| 
Welding data provided on this experimental | 
section is not necessarily the optimum which | 
could be derived from further tests: | 
Welding current 600/650 amps. | 
| 

| 

| 


eens: 


This weld was carried out with a single wire | 
of 4” diameter. A fixed water cooled shoe | 
was placed on one side of the preparation | 
and a special movable shoe on the other side, | 
using a standard Vertomatic machine. l 
525/550 amps. | 

. 45/46 V l 

31.5” per hour | 


Vertical speed of welding... 48” per minute 
Wire consumed 0.5 lb. per inch of weld 
Plate thickness... a _ 2}” 


Welding current 
Welding voltage - 
Vertical speed of welding... 


: Welding voltage 36/38 V 
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A new Grommet developmeni 






IN 


BB | ee 21 O16] -) ae) SN ee 


EMPIRE RUBBER GROMMET 


Talilalii-ib ae>tetetelealaaleler-tilalecMmiamel-1—— 


for olat-jrel-ia-lelh ma-relelet—-t-ma-lalel—me) mip 4-1) 


lok -vor-10l-1- mm lal-m-t-laal-mecigelsalaal-)a@ert-lamel-mel-i-lem alia 


TMA -1 ol olr-ti- mm ialled @al-t-t-1-1-mel mer-lell-m-1p4-1- 






PAT. APP. No. 5255/59 


This newly developed self-conforming grommet, 
because it is immediately self-locking against the 
elements, is the solution to many of an engineer’s 
sealing problems. 

Any one size will not only accommodate itself to 
a variety of mounting plate thicknesses, but 
(designed for cable or control rod) will take these 


THE NEW BLIND GROMMET | 
| 
| 
| 


t) 
FREE 
Note how when sprung into position the grommet 
provides a perfect double seal by its own permanent 
pressures. The angled groove also creates a tight 
pressure hold on the metal plate. 


A useful feature of this cable grommet is that by reason of the designed taper 
of the cable entry and the flexibility of the web, a considerable angle of cable 
This avoids necessity for special 


entry and a variety of cable size are possible. 
grommets with angled bores. 


Now being produced in a range of sizes. 


THESE GROMMETS WILL SOLVE 
YOUR SEALING PROBLEMS. 


EMPIRE RUBBER COMPANY °° 


' 





a 





THE NEW DESIGNED GROMMET 


{ nN 


; — 


DUNSTABLE -:- 


in a variety of sizes and be weather-, water- and 
dust-proof at a variety of angles to the cable or rod. 





Because of its capacity to conform to many varying 
requirements, it enables a workshop stock range 
of grommets to be reduced to perhaps one tenth of 
that at present maintained. 


SECOND SEAL 
1 


| 
1 
i 
Bi 

| il i, 
FITT E D 

In the cable grommet variety the same double pres- 
sure seal is created, allied to tight seal on various 
diameters of cable. This new grommet gives sound 
sealing at ail vital points. 





In the conventional grémmet, 
only one thickness of plate and 
only one size of cable can be 
accommodated. No effective seal 
is afforded by the 
parallel groove. 


ENQUIRE 
for catalogue section an 
detailed particulars. 


BEDFORDSHIRE + ENGLAN 
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BIRFIELD ILCO 


range of 











VS 


OIL FILTRATION EQUIPMENT 


‘R’ SERIES FILTERS 


For the continuous filtration of lubricating 
and fuel oils used in internal combustion 
engines, various types of industrial oils, 
coolants, fuel oils, solvents etc. used in 


yr rod, manufacturing industries. 
Where floor area is limited the cartridges 

. can be mounted in a number of cases piped 
irying in parallel. These are supplied with 
range or without motor pump sets according 
nth of | to requirements. 


DUPLEX FILTERS 
All filters can be supplied in duplex 
units where it is essential that 
continuous filtration is required. 





000 SERIES FILTERS 


For fuel oil filtration, can be supplied 
either in duplex or simplex units. 





‘C’ SERIES FILTERS Here is a new range of oil maintenance equipment specially designed 
For high flow rate filtration of internal for high efficiency operation at lower cost. Birfield Hilco filters will 
combustion engine lubricating oils using maintain new oil characteristics of any quality industrial and lubri- 


by-pass shunt or full-flow systems. Also ; : : A ; age 
for filtration of various types of fuel oils cating oils. As there is such a wide range of oils, and the conditions 


industrial oils, coolants, solvents etc. used under which they are used require different methods for removing 
in manufacture and the chemical process- contamination, we have developed six filter medias to cope with 
ing industries. These filters can be supplied ‘ ane 
with or without heaters. these varying conditions. 


for Whighh efficiency at 1Ow cost... 


interpose an INTERMIT 


ttt! 
MEMBER OF rue ae BIRFIELD GROUP 





INTERMIT LIMITED - SRADFORD STREET - BIRMINGHAM 5 * MIDLAND 7961 
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GEST) 





— assembled to customers 


drillin 9 requirements 


Herbert All-electric Drilling Machines are made in 
nine types for drilling holes from the very smallest, 
at 18,000 r.p.m., up to 1}” diameter. 


This equipment meets all general-purpose requirements. 
Unit construction and interchangeability enable special 
requirements to be easily met. 


We will quote for machines and equipment to meet 


special requirements for drilling, tapping and associated 
operations. 


Three Type M Multi-spindle top columns on a common base for drilling seven 
328” dia. holes and drilling and tapping five }” dia. 26 t.p.i. holes in a 
gearbox under cover. Cover located in traversing fixture. Floor-to-floor 
time is three minutes. 


ALFRED 
HERBER T LTD.,COVENTRY  Foctored Division, Red Lane Works ap 


AD.507 
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POSITIVE INFINITELY VARIABLE 


GEAR BOX 


With an input capacity of up to 

o75 H.P. the new P.I.V. Gear, 
Type O.A., brings the advantages of 
positive infinitely variable speed control 
to fractional horse-power applications. 
The maximum speed range is 4: I. 
Made to the same exacting standards of work- 
manship and quality of materials as the larger 
P.I.V. Gears, this fractional H.P, Unit is a 
worthy addition to a range whose reliability 
is exemplified by over 30 years of service in 
an ever extending field of applications. 


‘STONE-WALLWORK LTD. 





32, VICTORIA ST., LONDON, S.W.1. Phone: Abbey 7681. Grams: “Stonwalabb’’ Sowest, London 
WORKS: OLDHAM, LANCASHIRE 
—— 
PLATT 4lso Manufacturers of PAV. (Positive Infinitely Variable) Speed Chain Gears, Worm Reduction 
GROUP Gears, Piece Goods Stamping Machines and Light Alloy Bobbins for the Textile Trade 
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Do you really 
think I need 


bother about 


low 
residuals? 


Some people do. 

in carbon | steels required for certain 
high duty applications. 

Residual elements in Workington Electric 


Arc Furnace Carbon Steel are as follows 























werage axon 
Nickel 1 2 
Chromium Ol “O15 
Copper 3 04 
Arsenic O15 02 
lin O15 02 
Vanadium 02 04 
Molybdenum below ‘O01 
Lead below ‘Ol 
Cobalt 005 ‘008 
Antimony below “O01 
Tungsten below -O1 
Titanium below 01 
WORKINGTON sa ae 
a 
Lo Be 
IRON AND STEEL COMPANY Workington + Cumberland COMPANIES UP 
w iil 
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Contidence in 











1 

+) <> 

Val 
International 


Machine Tool 
Exhibition 1960 


OLYMPIA 
June 25-July 8 





COVENTRY GAUGE X 
TOOL COMPANY LTD 


QUALITY 





MATRIX 
No. 50 
Optical 
Jig Borer 


* You can see 
this machine 

within easy reach 

of your locality 


The above illustration 
shows one of our Machines as supplied to 


The National Physical Laboratory 


and The National Engineering Laboratory. 







Our confidence that there exists no finer example of High Precision 
Engineering than that embodied in the “MATRIX” No. 50 
" » Optical Jig Borer is confirmed by increased sales and by the 

page large number of distinguished customers who have selected our 
TABLE SIZES . : 


machine for their most exacting requirements. 
24” x 36” and also now . — 


available in 24” x 42” 


ROCKWELL 


for turther particulars write or telephone TODAY 


Wear an ee ae eet ere ee WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0035 





ALSO AT BIRMINGHAM —TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2622 


Matrix 4 
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For the ultimate in 


Welded Fabrications 


consult Empyrium, 


all industries to ASME 


and Lloyds specification. 


Also to the exacting 
requirements of the 
Petroleum and Oil 


Companies. Full testing 


facilities, including 
X-Ray. 


Telephone: ASTon Cross 3203/4/5. 


Telegrams: Empyrweld Birmingham. 


PIONEERS 


pioneers in this field. 


Empyrium fabricate for 


WELDING & MANUFACTURING 
COMPANY LIMITED 


Head Office and Main Works: Pritchett Street, Birmingham 6. 









types. 


IN. WELDING PRACTICE SIN@GE tt] 


Transformer and Switchgear Tanks; Storage Tanks for 
Petrol, Oil and Water; Autoclaves; Chemical Plant of all 
descriptions; Bedplates; Machine Tool and Press Frames; 
Gas Works Plant: Hoppers, Condensers, Gear Guards, 
Blast Mains, Air Receivers and Pressure Vessels of all 


JW. Ad 4680 
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Our range of industrial engines are a_ practical 
proposition for many types of industrial equipment 
| ...compressors, cranes, pumps, contracting equipment, 
earth borers, generators, railcars, welding plant, works 
trucks, tractors and conversions. Simple design, 
modern flow-line production methods and common 
interchangeable parts contribute to the low cost of 
these high efficiency engines. And remember, every 
engine is fully backed by a World-wide Parts and 


he SO om 


Wherever you are, whatever your problem, 


— BOSS 


MOTOR COMPANY LIMITED - ENGLAND 


are at your service 





For further details of our 


INDUSTRIAL 
q ENGINES 


and the equipment they power, 
send the coupon to your nearest Ford Dealer 
or direct to 
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industry 


Service Organisation. Take your choice from a wide 
power range... Diesel 20 to 86 b.h.p. and Petrol 11 
to 87 b.h.p. (12-hr. rating). 


DIESEL ECONOMY—have you considered the replace- 
ment of existing power units in your equipment and 
trucks with the famous 4D Diesel engine? You'll have 
the unique advantages of economy, long-life and low 
running costs ... plus the best service in the World! 


Please send me technical brochures of your *PETRO! 

DIESEL Industrial Engines. The maximum B.H.P. required 
Eran eee Se k.P.M. Also, please send details 
of the following equipment powered by your engines. 








Address 


Nature of Business 


Telephone No. 


* Delete where not applicable G51'24°4 











FORD MOTOR COMPANY LTD - PARTS DIVISION (G51) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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Bearings | 


* Napiers, in solving a problem in the gear- 
train of the Deltic engine, chose Hoffmann 
Bearings... 

And when Napiers had another problem to 
solve, they again chose Hoffmann Bearings. . . 
The problem was twofold: how to place the 
weight of the Deltic engines as far af: as possible 
in a fast patrol boat, and having done so, 
transmit full power indirectly to the propellers. 
Napiers solved the problem by producing the 
Vee drive gearbox shown in the illustration, an 
innovation with boats of this power classifica- 
tion (3,100 h.p.). Hoffmann Roller Bearings 
are clearly RIGHT IN THE PICTURE! 


*And 50 years earlier... 
Extract—‘Cycle and Motor Trades Review’ Nov. 
23rd, 1905. “The Hoffmann single row ball journal 
bearings have been adopted for the Napier Car, and all 


tests have proved satisfactory.” 








Specialists in Ball and 
Roller Bearing manufacture 
for nearly 60 years 











THE HOFFMANN MANUFACTURING CO.LTD., CHELMSFORD, ESSEX 
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An Avery 7208 Dynamic 
Balancing Machine installed at the 


Photograph by courtesy of 
works of Newman Industries Limited, Bristol 


Newman Industries Limited. 












Well known in the Automotive and Railway 


Industries, Hardy Spicer are now wen 





ity 
11: tay i 


supplying propeller shafts and 
universal joints in increasing 


quantities for other engineering 





applications. Typical of these are the 
drive shaft and universal joints used in the 
works of Newman Industries Limited, Bristol. 
Hardy Spicer’s wide experience ensures the 

highest standards of design and performance. 


Please write for further details and illustrated leaflets. 


product of the 


HARDY SPICER allt 








PROPELLER SHAFTS $¢? 
HARDY SPICER LIMITED yong 


CHESTER ROAD: ERDINGTON +: BIRMINGHAM 24+ ERDINGTON 2191 (18 LINES) 
Engineering Division of BIRFIELD INDUSTRIES LIMITED, Stratford House, W.1 
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industrial 





pneumatic 
equipment 


pneumatic controls 


pneumatic valves 
pneumatic cylinders 


development of pneumatic plant 
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Wariablie Speed 


from A.C. Mains NUT 


wA7ith,. the New 
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Etorsepower Drive 





Complete electronic rectifier 
and controller in one small 
unit, local or remote mounting. 


Size only 5 x 5 * 63° 


INFINITELY VARIABLE SPEED OVER A WIDE RANGE 


Integrally mounted squirrel- 
cage motor and eddy-current 
Variable Speed Coupling, with 
Double Shaft extension 


| 


ACCURATE SPEED CONTROL BY TACHOMETER GENERATOR 


FEED-BACK SYSTEM. SIMPLE CONSTRUCTIO 


HEENAN & FROUDE LTD. Engineers . Worcester 





N. LOW MAINTENANCE 
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A\ILILISIN Biever ca tet as 
EPICYCLIC GEARING 


for INDUSTRIAL and MARINE applications 


Please address all enquiries 
for gearing to 
W. H. ALLEN SONS & CO. LTD., 
ATLAS WORKS, PERSHORE, 


Worcestershire. 


The most compact speed-reducing or speed-increasing arrange- 
ment for all types of prime movers and/or driven machinery 
. aA RR: VA IRL) Oo BEDFORD 
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interested in 


PRESSURE 
VESSELS? 





If you are, you probably already know that Jenkins 


of Rotherham have the capacity, the co-ordinated pro- 

duction and advanced techniques successfully to 

undertake and expedite the fabrication of vessels of any 
design in any weldable metal. 


Welded fabrications and fusion-welded pressure vessels 


to the requirements of Lloyds Class 1, A.S.M.E., f R [ / / 
A.O.T.C. codes and similar specifications. O O l e Lr l a mM 


WELDED PRESSURE VESSELS IN STAINLESS STEEL, MONEL, TITANIUM, HEAVY ALUMINIUM AND MILD STEEL. 


ROBERT JENKINS & CO. LIMITED ROTHERHAM 


Telephone: 4201—6 (6 lines) 
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DON’T SPEND MONEY-MAKE MONEY WITH LINCOLNWELD 


A Lincoln Fully Automatic Mass 
Production Welding Installation fit- 
ted with two Lincolnweld Type B.10 
Submerged Arc Welding Heads 
operating on controlled automatic 
time cycle, complete with automatic 
component clamping, adjustable for 
both length and diameter. This unit 
has many applications in the auto- 
motive and allied industries. 











Complete welding 


installations 
by LINCOLN 


Sooner or later YOU will become interested in 


Submerged Arc Welding. 


LINCOLN have a complete range of Submerged 
Arc Welding Equipment PLUS 


% Hundreds of successful installations. 





%* Years of knowledge acquired throughout the world. 
* A fully trained staff of Design and Welding 


Engineers. 


Let LINCOLN be YOUR A complete Lincoln Automatic 


Welding Installation incorporating Twin 
° Lincolnweld B.10. Fully Automatic Submerged 
Welding Consultant. Arc Welding Units mounted on a Lincoln Variable 


Speed Traversing Bogie complete with built-in Flux- 


° Recovery Unit. Suitable for a wide range of Downhand 
. 
Please write to ° Butt and Fillet Welding Applications, of any length. 
Po 


The Automatic Division 
CWEMBER OF 77 


LINCOLN ELECTRIC CO LTD recom wen coranszoseys ({O0KH)) 


OF cone 
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KE NEW KENDALL & GENT 


ll ft. x 4 ft. x 4ft. 


OPENSIDE 
MILLING MACHINE 




















FULLY 
AUTOMATIC 

& INFINITELY 
VARIABLE 


(1) Automatic Locks to Spindle Heads and Cross-Slide 
(2) Aut tic Tool R 





(3) Ammeter fitted to each Head 
(4) 20 h.p. Motor drive to each Spindle 
" (5) 16 Spindle Speeds Pod 
(6) Boring Feeds to Spindles pi® 4 
(7) Infinitely Variable Feeds to Table ea 
and Milling Head together with Rapid KENDALL & GENT LTD 


Traverse for setting purposes. Hand 





Traverse also provided. GORTON MANCHESTER 16 9 Padme East 1033 | 
International Machine Too! Exhibition, London 1960 i. 
G} Kendall & Gent machines will be demonstrated on Stand 27, Grand Hall, Olympia, June 25 to July 8 
K238A APR 
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air powered hand tools 
for seeaaied 









GRINDERS 





SURFACE GRINDERS CHIPPING HAMMERS 


(es ol _——— ee eee 
_ | designed specifically for the following industries. 


Please tick the industry with which you are concerned. 
Descriptive literature will be mailed to you by return. 


Ingersoll-Rand hand-held power tools are made and 
COMPRESSORS 
























SAND 
RAMMERS 


Oil and Petroleum 

Iron and Steel 
Fabricated Metals 
Automobile 

Aircraft 

Railway 

Ship and Boat Building 
Machinery (Mechanical) 
Machinery (Electrical) 
Mining 

Public Utilities 
(Electricity, Gas, Water, Telephone, etc.) 





NAME 
COMPANY’S NAME 
' —, 








INGERSOLL-RAND COMPANY LIMITED 


165 QUEEN VICTORIA STREET LONDON EC4 Tel: CEN 5681 
SCOTTISH OFFICE: 20 RENFREW STREET GLASGOW C2 
Tel: DOUGLAS 1233 Grams: INGERSOLL GLASGOW 
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Crowthorn 18in. Centre Lathe on 15 ft. 3in. gap 
bed, admitting 8ft. Oin. between centres. Swing 
over bed 36} in. Swing in gap 57 in. x 2] in., hole 
through spindle 4jin. dia. 25 h.p. motor drive. 


yD), : WL 


L en ew, NO 8 : 
—- pcs HEAVY DUTY 
Van KAA | GS SE Bg Wr | : 
Upp Dee LATHES 


CROWTHORN TING 


* 
Send for new fully 
siluseraced anne 
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As a result of increased and 


improved methods of 





production of End Fittings for 








Aeroquip 1525 Low Pressure 





Hose, we are able to offer a 


considerable price reduction 


over the whole range of these 


- 


fittings. 


Ml 


Y 


~ =veroquip 


LOW PRESSURE LOW COST 


Y 
YY 
Yl? 


Full detailed information 


available from:- 


SUPER OIL SEALS & GASKETS LTD. 


FACTORY CENTRE, BIRMINGHAM 30 


) 


Wi” 


Telephone: KINGS NORTON 2041 
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If product flow goes quick, quick slow —then 
what you need is variable speed. 2400 bottles 
for gin— Gordon’s of course—reach this 
machine every hour, but there can be 3600. 
The gin is there, so the machine must bottle 
faster. How? Turn the handwheel and the 
Hainsworth pulley and V-belt move to the 
right speed position automatically. Faster — 
slower —every few minutes if needed. 
Bottling, spinning, woodworking, packaging 
—give your production a tonic, and get 

the right speed for your need with... 


“HAINS WORTH’ 


VARIABLE SPEED DRIVES 

















ai Send for Catalogue 100/19 
F THE 

THE PULLEY CONTROLLER 

7 sizes available F will carry any 

for drives standard electric 

up to 10H.P. : y motor 
ber nee |) 


vitor | J. H+» FENNER & CO LTD, HULL 


BELFAST. BIRMINGHAM. BRADFORD. BRISTOL. BURNLEY. CARDIFF. GLASGOW 


























Stocks carried in HULL. LEEDS. LEICESTER. LIVERPOOL. LONDON. LUTON. MANCHESTER 
MIDDLESBROUGH. NEWCASTLE. NOTTINGHAM. SHEFFIELD. STOKE. 


LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 
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GLACIER 
DQ 


a bearing material in tube form 
from which you can machine 
your own dry bearings 


MACHINABLE, MOULDABLE DQ 
Although in selecting a dry, no-lubricant 
bearing material the designer’s first 
choice will more often than not be the 
well-known GLACIER DU, this is a composite 
material whose effective bearing surface 
cannot be machined. DQ, on the other 
hand, is a homogeneous—and therefore 
mouldable and machinable—dry bearing 
material, based, like pu, on ‘“Fluon” 
(ICI trademark). As such it is unique in its 
field. DQ is a tremendous step forward in 
bearing technology, for it brings the 
possibility of dry mechanical assemblies 
right into the present: bushes, thrust 
washers, locating pads and guides of 
simple geometrical shapes, which cannot 
be formed from strip can now be machined 
or moulded easily from solid DQ. DQ was 
originally developed—and is made exclu- 
sively—by GLACIER. 


PROPERTIES OF DQ@ 

DQ dry bearing material, though neither 
quite as strong or quite as wear-resistant 
as bu, has, in itself and throughout, 
frictional and wear-resisting properties 
comparable with those of lubricated 
bearings, and it can be used at tempera- 


tures from —200 to +250 C. Absence of 


oil means that no contamination can 
occur with pe, which operates even when 
totally immersed in liquid—often with 
improved performance—and is resistant 
to corrosion by many industrial liquids 
and gases, including solvents. It is tolerant 
of dirty surroundings. There are no static 
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electricity phenomena associated with 
DQ, and it is entirely free from slipstick 
effects. 


DQ SUCCESSES 

IN MANY FIELDS 

Successful applications of pq dry bearing 
material include:—Cold and hot service 
seals, pump bushes and thrust washers for 
industrial liquids and gases, including 
liquid oxygen and liquid nitrogen plant 
applications; mechanical movements for 
electronic computers and indicating and 
recording instruments; bushes etc. for hot 
water circulating pumps (submerged) and 
for compressors; textile machinery; air- 
craft controls and instruments; etc., etc. 
Further new applications for p@ Dry 
Bearing Materials are waiting for de- 
signers who can take advantage of the 
properties of this very remarkable 
material. 


FIND OUT ABOUT DQ! 

Glacier will be pleased to send you a free 
technical handbook on pu and p@ Dry 
Bearing Materials. WRITE TO:— 


GLACIER 


The Glacier Metal Company, Limited, 
Alperton, Wembley, Middlesex 


TELEPHONE: PERIVALE 4611 
TELEGRAMS: GLAMET WEMBLEY ~- TELEX 22729 
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The gear 
illustrated has 
20 teeth, 30° 
helix angle, 
11.547 N.D.P. 
The cycle time 


er, 


7. wl 


per component is 
3.2 minutes. 


ykomatic 











Fully automatic cycle 
continuous operation for 40 to 50 minuteg 


Positive angular cutter relief 
obviates cutter rub 


A magazine loading, turret indexing, gear generator for Changeable turret plates 
r ‘ for a range of component 

batch or mass production of spur or helical gears, ; ; 

ie Magazine loading 
6 to 64 DP (4.25 to 0.4 module), 2}” (57 mm) one operator can control several machines 
anes . axi ame Interlocked operating controls 
maximum face width. The maximum diameter of gear cmaia tnalasnat asa 
that can be cut is dependent upon the nature of the work. Hydraulic chucking and clamping 4 
; ee igid, vibration-free work holding} 
Full details and descriptive brochures are freely available, neptune 
; Independent setting controls 

together with the knowledge and experience of Sykes setting time reduced to a minimum 


Technical Sales Advisory Service . . . it will be to your Simple maintenance _ 
; : plug-in electrical equipment and 
advantage to investigate the SYKOMATIC method. gasket mounted hydraulic valves 9 


Hopper feed or transfer line equipment | 


can be supplied if desired Uni 


coat 
mer 


Talk to SYKES about gear production a 


Cs 


W.E. SYKES LTD., STAINES, MIDDLESEX, ENGLAND, and associated companies Sykes Tool Corporation Ltd, Georgetown, Ontario, Can 










Sykes Machine & Gear Corporation, Newark, N.J, U.S.A. * W. E, Sykes Ltd., Mascot, Sydney, N.S.W., Australi , 
€prese 
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Automatic Arc Welder U 1200 


The new 


Automatic Arc Welder Type U 1200 


possesses an excellent system 
for regulating the electrode feed- 
rate, is easily controlled electric- 
ally, has an infinitely adjustable 
head, and on account of its reli- 
ability has been adopted in numer- 
ous workshops at home and 
abroad. 


In your works, too, 
it can help to 







inute lower costs 
_ increase production 
improve quality 
nents) 
nial Our specialists will be glad to 
Ines | ‘ 
advise you. 
ation 
ding 
imum | 
t and 
valves 90648 -vill 
ent 
sired 


Universally applicable to welding with bare wire, magnetically 
coated bare wire, commercial coated electrodes and, with sub- 
merged arc, for jointing and hardfacing. 


Its operation may also be economical in shops not exclusively engaged on 
mass production. 


® BROWN, BOVERI & CO. LTD., BADEN (SWITZERLAND) 


 ustrali@ 





Representatives in most countries. 
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Automat (Regd.) Pig 


The inherent resistance to ‘“‘chill’’ which is a feature of 


Automat Cast Iron, removes the danger to high speed 
” Tron for the production 


machining particularly on thin sectioned castings. One 
of Automat (Regd.) Iron 


customer increased his turning speeds by 50°, and another 
; ; . Castings. Full detail 
reported no tool wear after 300 castings had been machined. me. =f -— 


The result is similar on heavier sectioned castings. available on application. 
| 


REFINED IRON CO. (DARWEN) LIMITED 
SOUGH WORKS, SOUGH ROAD, DARWEN, LANCASHIRE m 
Telephone: Darwen 1745/6/7. Telegrams: “Rolingot Darwen’’. 


a = > | 
* Also producers of Darwen Brand Refined Cylinder and Malleable Pig Iron. (‘& } | 
* Special Alloy Pig Iron and Hi-Carb Iron. Si ey 
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Whatever the project, if you are producing 
machinery to be powered by a.c. or d.c. motors 
of up to one h.p., consult AEI engineers at the 
design stage. The wide choice of fractionals 
they can offer gives you greater scope for 
producing machinery of improved design and 
performance. AEI experis have almost certainly 
met problems similar to yours already, and 
their valuable experience and knowledge are at 
your scrvice. 


AED 















OUR ADVISORY SERVICE FOR DESIGNERS 


will save you time and trouble ! 
Consult AEI engineers at an early stage and 
make sure of getting the right f.h.p. motor for 
the job! Many types and sizes from 1/500 h.p. 
are available, with every conceivable kind of 
mounting or fitting, and many of these are 
available from stock. You can thus combine 
maximum efficiency and reliability with the 
most compact, practical, and attractive design. 


Associated Electrical Industries Limited 


Motor and Control Gear Division 
F.H.P. MACHINES SALES 
NEWCASTLE, STAFFORDSHIRE, ENGLAND 





INCORPORATING THE MOTOR AND CONTROL GEAR INTERESTS OF BTH AND M-V eV 


A5S392 


MECHANICAL HANDLING EXHIBITION — STANDS GGI3 & GGI4 


Volume 21, No. 4 














‘540 SURFACE GRINDER 


The above operation was carried out on a standard Model 540 
Surface Grinder arranged with special equipment for grinding 
the radius at the bottom of four-spline shafts using a formed 
wheel. 

Indexing is automatic. The component turning through 90° 
each time the machine table moves to the right. The 
machine is also fitted with a high speed grinding attachment, 
an optional standard feature for all 540’s. 


This is one of many adaptations which is possible on these 
machines, other than conventional Surface Grinding. 




















Telephone : LEICESTER 823222. 


Ss 
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4 lf A. A. JONES & SHIPMAN LTD., LEICESTER 


London Office: 50/52 Great Peter Street, London, S.W.1. Telephone: ABBey 5908, 9. 





THE ENGINEERS’ DIGEST} PRI 











NEWTON fag 
CHAMBERS 
cast in MEEHANITE 


Our large modern foundries at Thorncliffe can now produce all classes 
and sizes of castings in the various types of Meehanite metal. This 
important addition to our already very extensive foundry facilities enables 





us to offer an exceptionally skilled and comprehensive casting service. 
Our long experience of serving almost every major industry gives us a 


unique understanding of special needs and problems. 

Whether you require one casting or thousands, we can meet your needs 
methods include light, medium and heavy machine moulding, as well as 
floor, loam and shell moulding. A skilled patternmaking service is at your 

disposal. Your machining and fitting requirements can be undertaken by 
» | 


our fully modernised machine shops. 


promptly, in sizes from a few pounds up to 20 tons in weight. Production 
) All enquiries will receive immediate attention. 


y 





Newton 


ENGINEERING DIVISION + THORNCLIFFE + SHEFFIELD 


ENGINEERS OF PROGRESS 
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and high-precision components 


ER a 
INTERNAL GRINDER eo TTD E> 
q 


TECHNICAL 
CHARACTERISTICS 


Internal grinder for 
holes of | to 20 mn 
diameter in high 
hardness alloys, eg, 
gauges, dies, etc. Spin: 





to 140,000 rpm.—Quic 
adjustment for contro) 
of diameters, with 
automatic feed of the 
spindle head: auto 
matic stop — Supply) 
voltage according to 
requirements. Weigh 
of complete Grindey 
approx. 750 kg. 








CONSTRUCTIONAL FEATURES \ 


Grinder specially designed for the mass production of injectors of any type, for the internal grinding of gauges and dies in tungste 
carbide and other alloys, for work requiring a very high degree of precision of the order of 0°0003 mm both in roundness and centricit) 
with surface micro-roughness of 0°00025 mm. Perfectly smooth surfaces are obtained, in view of the complete absence of harmful vibrations’ 
The perfect finish of the surfaces, combined with exact geometrical shape, is always assured by the M.C.54 Grinder fitted with patente? 
M.C.52 ‘‘Turbo Spindles’’, with automatic take-up of bearing play, oil-mist lubrication, and other features introduced into it’ 
construction. All the adjustments of the individual members of the machine are hydraulically controlled. The machine is fitted wit! 
turbine-driven spindles of very high rotational speeds, from a minimum of 60,000 to a maximum of 140,000 rpm; one of these spindle: 
serves to grind cylindrical parts and the other to grind conical parts (e.g., injector and valve seats) according to requirements. 

The rotating spindle unit of the M.C.52 ‘‘Turbo Spindles’’ employ a small turbine and the hydraulic system adopted, as compared wid| 
electrically-driven spindles, affords numerous advantages, including the following :— 

simplicity of construction. 

variable speed range between the limits required, depending upon the internal dimensions to be ground. 

normal operating speed : 120,000 — 130,000 rpm 

speed variation between full and no load about 3-4”... | 
extremely simple automatic lubrication, without the need for cooling equipment. 

possibility of grinding diameters from | to 20 mm. 

automatic take-up of bearing play by means of a patented device which guarantees longer life to the bearings. 
operating life of the spindle at least 800 working hours guaranteed. 

high-precision grinding and finishing of the parts. 


FRATELLI COPPIER-MILANO (ITALY) PIAZZA CARRARA, n.!I 
’Phone: 84.90.386 
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If it’s a case 
of making a hole— 

















Do it 
automatically 
1 with the 
TICS 
: AIRMEC 
) mm 
high 
, eg. 
_ Spin: 
60,004) 
Quick | 
ontro! 
with’ 
of the POSITIONS THE WORK 
1d Autoset Automatic co-ordinate setting equipment provides 
hes accurate automatic control of the lead screws of a co-ordinate 
suppl table. It enables the table to be positioned automatically by 
ng means of a punched tape (containing co-ordinate information 
Veigh’ for up to 600 operations) or manually by means of a series of 
rinde knobs and dials. 
SELECTS THE RIGHT TOOL | : 
Facilities are provided for selecting one of up to ten tools 
and for controlling a large number of other variables such as 
tool feed rates, feed depths and spindle speeds. 
} ROBUST AND RELIABLE 
No electronic valves used. 
EASY MAINTENANCE 
ungste’) CUTS OUT ERRORS 
— Autoset is highly accurate—automatic compensation is 
rations ° . ° 
atente)  Autoset fitted to Vero Auto-drill provided for table backlash and cumulative lead screw errors. 


into it} 6 Spindle Turret Head — 32” « 9° 
ed wit! table. Spindle speeds 300-6000 
spindle: rpm i” drill capacity. Full 
details available from Catmur 
ed wit! = Machine Tool Corpn. Ltd., 103 
Lancaster Rd., London, W.11. 


SEE THIS INSTRUMENT AT THE 


\E.A. EXHIBITION, OLYMPIA, MAY 2328, 
STAND D162. 


>) 


CUTS THE COST 

A complete equipment for automatic control in two dimensions 
including tape punch costs only £1,500. Manual control 
considerably less. 


Descriptive leaflet No. 186 sent on request 


AUTOSET 


LOW COST TAPE CONTROL 





Airmec 
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AIRMEC LIMITED HIGH WYCOMBE 
Telephone: High Wycombe 2501/7 


BUCKS. 
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PACKAGE BOILERS 


SEPARATE REAR TUBE PLATES AND WATER COOLED 
COMBUSTION CHAMBERS ARE NOT NEW. THE GRADLEY 
STEAMPACKET INCLUDED THIS IMPORTANT FEATURE IN 1954. 

j WITH THIS IS COMBINED THE GRADLEY /RUDLING 

] OIL BURNER WITH ITS AMAZING FLAME AND 

| ALL ROUND RELIABILITY. ‘“‘STEAMPACKET” REMAINS THE BEST 
j IN PACKAGE BOILERS 














for efficiency 
and durability 


use a British designed 
and built 


‘“STEAMPACKET" 
PACKAGE BOILER) 


Oil-fired & Smokeless, 


See our Exhibit at the \ 
Fuel Efficiency Exhibition Stand 15 Row F. 






Extract from customer’s 
letter, R.B.S. Ltd, Water- 
foot, Lancs. BOILER No. 





38847, installed June 1954 
Smoke fouls the atmosphere and is a sign “It will interest you to 
of INEFFICIENCY in a boiler! The best know that before ‘putting 
answer to smoke pollution is a Cradley the Boiler into regular use 
Smokeless oil-fired boiler. Over 80% we had a series of tests 
efficient. Combustion Chamber overheat- _—_ carried out to determine its 
ing and rapid wear of rear fire bricks thermal efficiency. This BOILER Co. L 
cannot occur owing to water-cooled proved to be between 83° 
combustion chamber and separate rear- and 84°%. For the past 21 


tube plates. To evaporate 1,010 Ibs. to 


ars, the Boiler ha: 
10,500 Ibs. per hour from and at 212°F. — Se 


in use for 24 hours a day, 

7 days a week and _ has THE CRADLEY BOILER CO. LTD. 

London Agency otal: aia Cradley Heath, Staffordshire, Eng. 
: Telephone: Cradley 66003 

RUDLING (LIQUID FUEL) BURNERS LIMITED ere ae 

804-808 Green Lanes, Winchmore Hill, London, N.21. Tel. Laburnum 7962 
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(Because we like to thoroughly digest our customers’ problems!) 


We like to see a job well done. And we like to see our customers happy! 
igned Getting our teeth deeply embedded into our customer's problems—no matter how specialized 
and individual—is the backbone of the MVC Service! 


{ Over 30 years’ experience and ‘‘know-how’”’ has been built-in to our range of over 100 automatic 


: T’| control valves. People control water with them, gas with them, oil with them, steam with them 
E and a host of other industrial liquids and gases too. Mushrooms are grown with them, jam is 
LER made with them and ships’ cargoes are frozen with them! 


You'll find that expert consultation and aavice cost you absolutely nothing at MVC. Our full 
experience is at your disposal. Many times, what has first appeared tc be impossible has been 
achieved. Why not write now for our new comprehensive catalogue No. 23 which contains full 
| details of our complete range! 





The Magnetic Valve Company Ltd 
\ 


ij 7 KENDALL PLACE -: BAKER STREET - LONDON W.1. HUNTER 1801 
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‘‘Easicut’’ high speed steel Drills and Taps 
offer the ideal combination of accuracy, 


high cutting speeds and reliable performance. 














ENGLISH STEEL TOOL CORPORATION LTD 
North Street Works, Openshaw, Manchester 


Au holly owned subsidiary of English Steel Corporation Ltd Sheffield 


Stocks also held at: 167 Dukes Road, Acton, London, W.3; 62-64 Scotswood 
Road, Newcastle; 218! Coventry Road, Sheldon, Birmingham 26; Holme 
Lane Works, Sheffield. 
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Weldmes| 


THI 


London 
Belfast 


ee 


APIR 
E.D.— 








EST 




















here is a man on his way to 
solving his partitioning problems with 


Weldmesh 


Regd. Trade Mark 


Cut it to the shape you want — 
it holds together because it is welded together 


Neldmesh is a registered trade mark and is supplied direct to users by the sole manufacturers: 


THE B.R.C. ENGINEERING COMPANY, STAFFORD 


london, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, 
Belfast, Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.1 


—— 
M-wW.63 
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' 
| There 
unvary 
The range of Wharton products extends from hand pulley blocks of casting 
, ; ; of craf 
} ton capacity, electric chain blocks, electric hoists and overhead hand At th 
At the 
operated cranes to overhead electric cranes of 200 tons capacity. ihe 
Our general catalogue illustrates the full range of equipment, and are br. 
will be sent upon receipt of your instructions. c0-orc 
of sup 
tesour 
and te 
acom 
HOIST co. LTD. types 
Next | 
REDDISH STOCKPORT ENGLAND jj“ 
Heaton Moor 2227. Grams : * Gallant, Manchester.”’ Code : Western Unior. i 
LONDON. Lincoln House, 2% High Holborn W.C.1 Phone Chancery 7911 Grams: Chancery 7911 ‘ 
SCOTLAND and NORTHERN COUNTIES Gordon Baxter & Co. Ltd, 25 Blythswood Square, Glasgow C. 2 Phone. Central 6917 8 Grams: Gorbaxco,Glasgow 
MIDLANDS: A. R. Holland & Son, 89 Cornwall Street, Birmingham 3 Phone Central 1457 Grams Central 1457, Birmingham 
SOUTH-WEST: R. C. Collins, 48 Westbourne Road, Penarth, Glamorgar Phone: Penarth $8527 Grams Penarth $8527 
NORTHERN IRELAND General Engineering Products Ltd . 7/9 Great Patrick Street. Belfast Phone: Belfast 23743 Grams. Belfast 23743 
REPUBLIC of IRELAND: Charles Nolan & Co, 2 Parker Hill, Lower Rathmines Road. Dublin Phone’ Dublin 93510 Grams: Oublin 93510 
CANADA: Marshall Equioment Co Inc. P.O. Box 28, 61 O*Connel! Avenue. Dorval Station. PQ Phone. Melrose 1-3528 Grams Marauipco, Montreal i 
ree Russell Led. 1661 West Fifth Avenue, Vancouver 9. B.C Grams ustie. J 
ford, Mediand Ltd., 576 Wall Street, Winnipeg, Manitoba Phone 37-180, 37-187-188-189 Grams: Mandem. 
SOUTH AFRICA Kenneth Ray Ltd, P.O. Box 5662, 34 Ameshol Street, Braamfontein, Johannesburg Phone: 44-2168 Grams. Gemray 7 


REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD 
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Black Magic Brown Magic 





Let’s put it this way — 
it’s a high pressure 
steam turbine casing. 


| There is no witchcraft, really about the 
unvarying high quality of David Brown 
castings — though there are many other kinds 
of craft involved in their production. 
At the Penistone Foundries, the craft of the 
steel maker, pattern maker and moulder 
are brought together and, with other skills, are 
co-ordinated into a complex production unit 
of supreme efficiency. Backed by unique metallurgical 
“@yHj tesources and using the most up-to-date plant 
4 and techniques, this organisation offers 
#) acompletely reliable service for all 

types of steel casting. 
Next time you have a casting problem, 
| whatever the application, call in David Brown — first! 





DAVID BROWN 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


ae 


i 
a” 





3 EST FOUNDRIES DIVISION PENISTONE, NR. SHEFFIELD. TELEPHONE PENISTONE 33i1 


oa/s879 


-let E.P.E. solve them 
for you quickly 


In these days of AC it is not 
always easy to get DC motors 
and generators quickly and at a 
reasonable price. Fortunately, 
EPE specialise in DC equip- 
ment, bringing years of experi- 
ence to, bear on the subject, so 







that One can always be sure of 
"DC motors and generators, of 
many enclosure, at competitive 
‘prices, on short delivery. EPE 
are always happy to help solve 
DC problems, too. 








ay ELECTRICAL POWER 
Ss ENGINEERING CO. (B’ham) LTD. 
Bromford Lane, Birmingham 8 
"Phone: STEchford 2261 
"Grams: Torque 'Phone Birmingham 
Ee 3 London Office: 421, Grand Buildings, Trafalgar 
% oe Square, W.C.2. ‘Phone: WHitehall 5643 and 7963 
Bi 4 
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Best quality steel castings have many 
applications which offer certain econ- 
omical advantages over other 
production methods. Before final- 
ising your requirements THINK 
OF CASTINGS FIRST and consult 
Hadfields .......a name for 
Steels in CARBON—LOW ALLOY 

— STAINLESS — MANGANESE — 
WEAR RESISTING — HEAT 
RESISTING STEELS. 










Tilting cylinder assembly 
Weight 18 tons 












feo SWEFFIELD 
HADFIELDS LTD., | EAST HECLA WORKS SHEFFIELD ENGLAND 


bis 
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FOUR helpful publications 





Constant research has ensured that Walpamur Industrial Finishes 

meet every requirement of modern industry, and these four free publications 
will help you to make the best possible use of this extensive range. 
CATALOGUE OF INDUSTRIAL FINISHES describes the pre-treatment of 


metal surfaces before painting and gives details of primers, fillers and stoppers, 
stoving finishes,enamels, nitro cellulose finishes etc. 


EPOXY RESIN PAINTS booklet details the complete range of FEROX 


epoxide resin based paints, including stoving, air drying, and cold cure finishes for 
many industrial requirements. 





SILICONE LEAFLET gives information about the use of silicone in heat resisting 
and water repellent paints, bonding varnishes, etc. 


INDUSTRIAL SHADE CARD shows the complete range of colours available for 


all types of finishes. 


All are obtainable free on request to: 


DARWEN AND LONDON 





ay "anORITHENT 


. . ° ‘“ ‘ TO HEA MAJESTY THE QUEEN 
Paints, enamels, varnishes and finishes for every industrial need HAMUFACTURERS OF PART 
ws49 
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For machinery like this 














Castings 
like this 


Eccentric as a gear often has to be, yet 
of engaging quality. It’s a casting with 
a fine finish. Ready for a hard, working 
life. Typical of Vickers’ high quality 
steel and iron castings in all grades of 
BSS §92, BSS 1456, BSS 1760 and BSS 1452. 

A good industrial risk 





as Insurance 
men would say. Proof of which is given 
by radiograph or other non-destructive 
examination if asked for. 

FOR YOUR NEXT PROJECT 

Talk over your requirements with 
Vickers at the planning stage. 


Castings by VIGEERS 


Vickers-Armstrongs (Engineers) Limited 


FORGE AND FOUNDRY DEPARTMENT ELSWICK WORKS NEWCASTLE UPON TYNE PHONE NEWCASTLE 33101 
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OPPERMANS 
of NEWBURY 





You cannot get better 


screws than Unbrako 


because no better screws 


¢ are living in an age where things are moving faster. check and test that will produce flawless material, is also 
oday, there is a greatly increased tempo in technology, carried out in our own steel works by highly trained 
growing complexity of design and a multiplication technicians and chemists. 
pI parts. And finally the screws themselves. These are produced 
breakdowns become more costly and more likely unless in our modern plant at Coventry where the wire is con- 
very component part is designed to stand up to the job. verted by cold forging to the famous Unbrako Socket 
nbrako Socket Screws cost less, far less, than trouble. Screw. Inspection, analysis and quality control checks 
e steel from which they are made comes from the carried out during the entire process of manufacture 
nbrako Steel Division. No ordinary steel either. Clean ensure that every Unbrako 
Bnd free from inclusions, it is produced to our own Screw has the performance 
exacting formula and supervised at all stages of manu- that spells reliability. You 
acture by skilled metallurgists. They aim at one standard cannot buy a better screw 
bnly—a steel fit to be made into the world’s finest screws. -specify Unbrako-always. 
Iting, cogging and drawing, plus every inspection, Write for free samples. 











UNBRAKO SCREWS COST LESS THAN TROUBLE 


UNBRAKO SOCKET SCREW COMPANY LIMITED . COVENTRY 
Unbrako Schrauben, Gm.b.H., Dusseldorf. 








| GET YOUR COPY | 


DESIGNERS! THIS IS THE ONE 
REFERENCE BOOK TO SOLVE YOUR 


FLUID SEALING PROBLEMS — 
AND ITS FREE! 





When you design 
Fluid Seal applications, 
don't be without this 
valuable Reference 

Book issued by Pioneer. 
Prepared by practical 
engineers, it includes 

the latest up-to-date 
information on Fluid 

Seal Technology, 
comprehensive data on 

a wide variety of 
applications, how to 
install correctly with easy- 
to-follow illustrations for 
all the various types of seals 
produced by Pioneer, and a 
full range of available sizes. 
The Pioneer Reference Book 
which comes to you on 






request, is a practical work 
for the busy designer and is 
part of the Pioneer service 
which includes free advice on 
any Fluid Sealing problem. 


Pioneer 


OILSEALING & MOULDING CO. LTD 


Factory and Head Office : Cottontree Works, Colne, Lancs. Tel: Wycoller 471 (8 lines) 





| OF THE PIONEER 


FLUID SEAL 
CATALOGUE | ADDRESS 


NOW | MARK FOR THE ATTENTION OF 


THE ENGINEERS’ 
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33” O.D. 
3:20” A/C FLATS 







TAPPED 
i” } or |” BSP, 


: 


IN 


‘VOKES 


ew transparent 
owl filter 


- fers alternative elements 
to cover all requirements 










VAF 57 


.  Wokes new filter for use in }”, 3” and 4” com- ELEMENT 
pressed air pipelines efficiently removes abrasive ‘DPAK 
ipe scale, other solids and corrosive moistures 
the supply air. Alternative elements make BAFFLE 


" qocc to cover all requirements. 
The standard general-purpose element is the 
JAF 57, suitable for removing average con- 
entrations of water, oil mist and grit; where 
b high degree of purity is essential however, 
the use of the ‘D’ Pak is recommended. Both 
plements offer low resistance to flow and function 
for long periods without the need for replace- 
ent. 
er types of element are available for special - 
pplications and full details of these may be ina 
- obtained from our technical sales department. ert sae. 


}” B.S.P. SOCKET 
PLUG & WASHER 
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ONE MINUTE MAINTENANCE 
— LIFETIME PROTECTION 


Maintenance can easily be carried out by occasionally 
removing the plug at the base of the filter and draining 
off the collected moisture and impurities. The trans- 


a” “a parent bowl fitted for pressures up to 150 p.s.i. makes 
\ “oN maintenance even easier by giving a clear view of 

\ . filtering efficiency and showing when servicing is 
7 necessary.A metal bowl is fitted for pressures over 150 

7 » ’ p.s.i. and up to 250 p.s.i. 
7 Operating temperatures— 

St / Transparent Bowl type:—40'F to 120°F. 
ae Metal Bowl type: —40 F to 300°F, 


VOKES LIMITED: GUILDFORD - SURREY 
Telephone: Guildford 62861 (6 lines) 


Telegrams & Cables: Vokesacess, Guildford, Telex. Telex: 13-535 Vokesacess, Guildford 
Vokes Australia Pty. Ltd., Sydney Represented throughout the World 
V.515 
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Many large Hackbridge transformers 


have been installed in Australia, including units up to 100 MVA 220/110 kV. 
The illustration shows a Hackbridge 45-MVA 129/33/10.85 kV equipment being 


loaded on to a transport vehicle at Sydney Docks. 


we Se ee. 
ELECTRIC CO., LIMITED 


WALTON-ON-THAMES, SURREY, ENGLAND 


Telephone: Walton-on-Thames 28835 (8 lines) Telegrams & Cables: ‘‘Electric, Walton-on-Thames"' 





OVERSEAS REPRESENTATIVES. ARGENTINA : H. A. Roberts & Cia., S.R.L., Buenos Aires. AUSTRALIA : Hackbridge and 
Hewittic Electric Co. Ltd., 171, Fitzroy Street, St. Kilda, Victoria ; N.S.W. : Queensland : W. Australia : Elder, Smith & Co. Ltd. ; 
South Australia: Parsons & Robertson Ltd. ; Tasmania: H. M. Bamford & Sons (Pty.) Ltd., Hobart. BELGIUM & LUXEM- 
BOURG : Pierre Pollie, Brussels 3. BRAZIL : Oscar G. Mors, Sao Paulo. BURMA : Neonlite Manufacturing & Trading Co. Ltd., 
Rangoon, CANADA : Hackbridge and Hewittic Electric Co. of Canada Ltd., Montreal ; The Northern Electric Co. Ltd., Montreal, 
etc. CEYLON: Envee Ess Ltd., Colombo. CHILE : Sociedad Importadora del Pacifico Ltda., Santiago. EAST AFRICA : G. A. 
Neumann., Nairobi. EGYPT: Giacomo Cohenca Fils, S.A.E., Cairo. FINLAND : S&ahké-ja Koneliike O.Y. Hermes, 
Helsinki. GHANA, NIGERIA & SIERRA LEONE: Glyndova Ltd. GREECE: Charilaos C. Coroneos, Athens. INDIA : Steam & 
Mining Equipment (India) Private Ltd., Calcutta ; Easun Engineering Co. Ltd., Madras 1. IRAQ: J. P. Bahoshy Bros., Baghdad. 
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SANDERSON tool steels 








‘476’ Heavy duty die steel of the high carbon, high chromium type, has outstanding 





wear-resistance but is tough and machinable. It is particularly recommended for | Onh 


P as ‘ { 
tools operating under conditions of severe wear and abrasion and where | hav 


maximum runs are required. 
The above illustrations show a punch and die set produced 
from ‘476° steel by The Mining Engineering Co. Limited, 


Worcester. 






SANDERSONS Woe cscsoconco srr 


Please write for further details and literature to 


SANDERSON BROTHERS AND NEWBOULD LIMITE! 





Attercliffe Steelworks, P.O. Box 6, Newhall Road, Sheffield 9 


Write 
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Model 7386C 
—high speed 
drill. 
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NO NOISE 
NO BLAST 


=these advantages are offered 
for the first time by the 
ARO-BROOMWADE Golden 
Silence range. The noise is destroyed 
| by a specially developed exhaust 
system. An external porous-bronze 
diffuser, exclusive to 
ARO-BROOMWADE, breaks the 
force of the exhaust air and 
diffuses it so gently that it 

4 will not disturb a flame held 

E only inches away. 





Model 7429C 
—push-pull 
tapper ; 

slow speed, 
high torque. 


| Only ARO-BROOMWADE Tools 
| have GOLDEN SILENCE 


|= Aer ‘ : Model 7276C 
| Write for publication No. 444 T.E. reversible 
screwdriver and 
nutrunner, 

with adjustable 
clutch. 





AIR COMPRESSORS & PNEUMATIC TOOLS 
YOUR BEST INVESTMENT 


BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND 
Telephone: High Wycombe 1630 (10 lines) Telegrams: ‘“‘Broom’’, High Wycombe (Telex) 
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Whether it be a Whit., BSF, UNF, UNC, 
or B.A. thread it is all the same to 
C. Lindley & Co. Ltd., Luddenden, 
Yorkshire. They make all types of 





standard high tensile bolts and nuts 
from 4 B.A. to #” diameter and are 
well known for the manufacture of 
special parts by the cold heading 
method. Their heat treatment, which 
involves hardening, tempering and 
normalising, is entirely carried out in 
four Birlec atmosphere controlled 
furnaces including 18” and 24” Birlec 
shoker hearths, and Birlec 
cast link conveyors. The 
weekly output of these 
Birlec furnaces is about 
30 tons, operating 50 


hours per week. 

















Birlec 18” shaker hearth furnace, 
rated at 40 kW, for hardening 
high tensile bolts and nuts at C. 
Lindley & Co. Ltd., near Halifax. 


EXTRA-SPECIFICATION FURNACES € 





* The cost of a furnace is not neces- 
sarily its purchase price. Even a brief 
interruption in production may cause 
severe losses in output and serious in- 
convenience. The purchaser of a Birlec 
furnace can be confident that the 
equipment will not only meet his 
specification, but will give uninter- 
rupted trouble-free service. 








AEI-Birlec Limited 





ERDINGTON - BIRMINGHAM 24 - Tel. EASt 1544 


LONDON «+ SHEFFIELD - NEWCASTLE-ON-TYNE 


GLASGOW CARDIFF 
SM/B 5037 
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@ NEW WEAR-RESISTANT 
TUNGSTEN STEEL 
A recently patented tungsten 
steel is claimed to possess superior 
wear resistance at room tempera- 
ture than high-carbon, high- 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





chromium steels, because its tung- 
sten content is combined with carbon, producing 
tungsten monocarbides. Containing 1°5% car- 
bon, 2°0°% manganese, 0°25% silicon, 09% 
chromium, 1:0°% molybdenum, and 4:0°% tung- 
sten, the new alloy can be hardened in air from 
atemperature of 1550°F, provided that the cross- 
section is 2 in. or less in diameter. This relatively 
low heat-treatment temperature for such a deep- 
hardening steel confers additional advantages. 
Thus, the furnace required for hardening the 
material is the same as that used for the normal 
hardening of carbon and low-alloy steels, as the 
furnace temperature need not be higher than 
1600°F, whereas high-carbon, high-chromium 
steels may require up to 1875°F. Furthermore, 
at the lower temperature used, control of furnace 
atmosphere is easier, and the decarburization 
reaction is slower. Salt baths of the type used 
for the hardening of plain carbon steels can also 
be used, if desired. 

In the quenched state, the new alloy has a 
high hardness, i.e., Rc 65 to 66 for samples 
which have been oil-quenched from 1450°F or 
Re 66 to 67 from 1500°F. With air-cooling 
from 1550°F, the hardness value is from Re 62 
to 63, and R¢ 65 to 66 from 1600°F. For most 
purposes, however, the optimum tempering 
temperature is around 350°F, the corresponding 
hardness value being Rc 64, with minimum dis- 
tortion and maximum toughness. Since there is 
little tendency for secondary hardness to deve- 
lop, the normal maximum operating tempera- 
ture for the alloy is also 350°F. 


From Steel, U.S.A., 
January 18, 1960, pp. 100-101. 


@ COMPUTER-CONTROLLED ROLLING MILL 


When a single-stand reversing mill is used 
for rolling an ingot to a slab, or a slab to a plate, 
80 as to reduce the thickness of the rolled mater- 
ial from pass to pass with little or no increase in 
the width, the gap between the mill rolls is re- 
duced after each pass to give a draft, i.e., a 
specific reduction in thickness, to the material. 
The degree of draft is at present determined by 
the operator, who relies upon his experience, 
and it is necessary to vary the draft as rolling 
conditions change. In present rolling practice 


there is very little equipment to assist the opera- 
tor in the assessment of draft, and the loading 
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on the mill in terms of roll-separating force or 
driving-motor torque can vary over wide limits 
if the materials to be rolled vary in composition, 
width, and working temperature from piece to 
piece, as commonly happens. 

For each pass there is an optimum draft, 
i.e., that which will give the maximum tenable 
mill load or roll-separating force, and this de- 
pends on the composition of the material, its 
width, and the temperature. In this connection, 
a recent patent is based on the utilization of a 
mathematical relationship which has been deter- 
mined between the roll-separating force in con- 
secutive passes and the draft in these passes. A 
computer can be designed or set for continu- 
ously solving the equation expressing this rela- 
tionship, and the set-up will then consist of a 
computer in combination with the mill. The 
signals are fed to the computer by means of an 
instrument responsive to the roll-separating 
force and an instrument responsive to the roll 
gap as set. There is also an instrument set by 
the operator to feed a signal corresponding to a 
desirable predetermined roll-separating force. 
Preferably, another instrument is included for 
feeding a signal corresponding to the thickness 
of the material, before or after the first pass. 


From Brit. Patent Spec. 818, 952, 
United Steel Companies Limited, Sheffield, England. 


@ THE CRYOGENIC GYROSCOPE 


Operating at a temperature near absolute 
zero, a cryogenic gyroscope now under develop- 
ment utilizes magnetic fields both to float and 
to spin a superconductive sphere at high speed 
in a vacuum. Electrical and frictional losses are 
virtually zero, so much so that, once set in 
motion, the sphere will continue to rotate in- 
definitely. Because it eliminates the common 
causes of errors in conventional gyroscopes, it is 
expected that the cryogenic gyroscope will prove 
to be many times more accurate. Thus, the elim- 
ination of mechanical bearings and the reduc- 
tion in frictional and electrical losses are con- 
ducive to increased accuracy, while the dimen- 
sional stability conferred by the well-regulated 
cryogenic temperature should also make {ft more 
reliable. 

It is, of course, well known that a current in 
a superconductive coil at temperatures near 
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Leadership through research, controlled 
metallurgy and craftsmanship 








The Company studies the impact upon 
Metallurgy of new techniques and design in 
all fields of engineering and has contributed 
many improvements in alloy steels and 
steelmaking processes during the past 100 
years. 





FIRTH | BROWN 


SPECIAL ALLOY STEELS 


ALLOY STEELMAKERS - FORGEMASTERS - STEEL FOUNDERS - HEAVY ENGINEERS 


THOS FIRTH & JOHN BROWN LIMITED : SHEFFIELD + ENGLAND 
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absolute zero continues to circulate almost in- 
definitely, producing a magnetic field that is vir- 
tually constant, and the new gyroscope utilizes 
this ** frozen” field to float its superconductive 
rotor. A magnetic field of less than a critical 
field strength cannot penetrate a superconduc- 
tor; rather, the superconductor acts as a mag- 
netic insulation, repelling and shaping the field 
around itself. However, in the same way as the 
superconductor repels the field, so also does the 
field repel the superconductor, i.e., it tends to 
force the superconductor away. Spinning of the 
gyroscope rotor is caused by torque produced 
by a secondary magnetic field, very little power 
being consumed in the process because, once the 
rotor is up to speed, its losses are almost zero. 
An experimental rotor designed on these prin- 
ciples has already been operated at speeds of 
20,000 rpm for extended periods. 


From Machine Design, U.S.A., 
February 4, 1960, pp. 14-15. 


@ TYRE TESTING 

The widespread adoption of nylon as a tyre 
cord and the substantial improvements made in 
the properties of both nylon and rayon tyre 
yarns in recent years are a direct result of the 
extensive research and development programmes 
carried out by tyre manufacturers and fibre pro- 
ducers. Tests carried out by the fibre producer 
have an objective somewhat different from that 
of the tyre manufacturer. While both need an 
overall evaluation of the performance of specific 
tyres under various conditions, the fibre pro- 
ducer must seek knowledge as to what is happen- 
ing to the fibre during tests, so as to be able to 
improve the fibre. 

Testing of tyres thus becomes primarily 
a method of subjecting the fibre to the kinds of 
stresses, strains, and temperatures met in actual 
service. The test methods described in a recent 
paper are therefore concerned with tyre cord 
strength, fatigue resistance, and heat resistance. 
Since the maximum strength of a tyre in actual 
service is only tested when it strikes some 
object while moving, a dynamic test was 
adopted, in which the impact resistance is 
measured by running the tyre to failure on an 
indoor test wheel equipped with a plunger 
which strikes the tyre once per revolution. The 
Impacts are delivered randomly around the cir- 
cumference of the tyre, and, in order to make 
certain that no patterning occurs, the tyre is 
withdrawn from the wheel for about three 
seconds every ten minutes. This permits the 
tyre speed to change slightly with respect to the 
test wheel, so that the impacts are delivered in 
new positions around its circumference. 

The crown impact endurance test has been 
very useful for evaluating new or improved fibres, 
both in comparing the overall tyre impact 
AP RAL. 
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resistance level which can be achieved and 
in determining the denier or cord gauge at which 
the fibre will give optimum performance. As 
regards fatigue, a flex test has been found to 
provide comparative indices of fibre perform- 
ance by the direct measurement of strength 
loss produced by repetitive flexing, whilst a 
high-speed endurance test has proved a useful 
method for evaluating fibres in high-speed high- 
temperature service. 


From Transactions of the ASME, U.S.A., 
Series B, February 1960, pp. 23-28. 


@ HIGH-TEMPERATURE HIGH-STRENGTH 
TANTALUM ALLOY 


Containing from 5 to 20°% chromium and 
from 2 to 25% tungsten, a recently patented 
tantalum alloy can be hot-worked and is highly 
resistant to oxidation or other forms of oorro- 
sion at temperatures up to about 2000°F and 
even higher, combined with high mechanical 
strength at these elevated temperatures. As a 
result, it can be used for the blades, vanes, and 
other parts of high-temperature gas-turbine 
engines, or for exhaust valves and manifolds in 
internal combustion engines, in heat exchangers, 
and in linings for retorts and containers used in 
the chemical and metallurgical industries. 

In the past, it has been generally accepted 
that the metals columbium and tantalum are 
substantially equivalent. It has now been found, 
however, that such is not the case. Thus, for 
example, a relatively small proportion of chro- 
mium as an alloying constituent with columbium 
and tungsten makes the resulting alloy too brittle 
to be of any practical value, even when using as 
much as 25% of tungsten. On the other hand, 
up to 25°% tungsten and substantially larger per- 
centages of chromium can be alloyed with tan- 
talum, the resulting alloy possessing unexpec- 
tedly improved properties, as already indicated. 
To achieve optimum properties, the new tanta- 
lum alloy should not contain more than 0°5% 
carbon, and the oxygen content should not 
exceed 0°8°%, the nitrogen content 0°2°%, and 
iron content 5%. 


From Brit. Patent Spec. 829, 733, 
Sierra Metals Corp., Chicago, Ill., U.S.A 


@ AUTOMATIC POWER-SWING ANALYSER 


The application of network analysers in 
power-system studies not only eliminates to 
some extent tedious computations, but can also 
take into consideration the inherent resistances 
of the transmission lines. Nevertheless, the com- 
putations involved in the transient stability 
studies required are still very complicated, even 
with the use of an analyser. The accuracy of the 
conventional point-by-point solution of the 
swing equation mainly depends on the time in- 
terval used and, for simplification, the damping 


83 


























Designed to offer the widest possible range of 
accurate and reliable measurements at the 
lowest possible price, the versatility and use- 
fulness of the Multiminor are now further 
extended by specially designed leads. These 
new leads, available at no extra cost, will 
accept crocodile clips or PRODCLIPS. 


The Multiminor takes full advantage of the possi- 
bilities of printed circuit techniques to achieve out- 
standing compactness and economy of weight. The 
scale is clear and open. The fine red coloured pointer 
and effectively damped movement facilitates easy and 
rapid reading. 

For use in Radio, TV., Electronics, Motor Vehicles, 


domestic appliances, workshop equipment. you'll 
find the Multiminor a great little meter! 


ULTIMINOR 


Use PRODCLIPS (Pat. No. 748811) 








with the Multiminor 















These cleverly designed spring-loaded 
insulated prods are the complete 
answer to a long-standing prob- 
lem. Press the trigger to open, 
release to grip. Keep your 
hands free no matter how 
difficult of access your test 
points may be! 


15/- per pair. { 





” D.C. Voltage A.C. Vol 
0— 100mv. 0— 
O— 25V.0— 25 V. 

(0— ‘10 V.0— 100V. 
O— 25 V.0— 250 V. List price: £92 10s. Fe 
o— 1000 V. 











tage 
10 


Regd. Trede Mork 


100 V. O— oe 
_, O— 250 V.D.C. Current complete with Test leads, F anal 
O— 1000 V.0O— 100A and Crocodile Clips. Lea- § 
y o— ImA ther Case if required 39/- 
Resistance O— l0mMA cc; 
O—20,00002 O— 100ma Size: 58 < 38 % IB. 
1A Weight: | Ib. approx. 
i ie | 
Stee 2 | 
; s ) 


FITS THE POCKET iy) | FILLS THE BILL 





Write now for illustrated literature to: 
AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.! 
ViCtoria 3404 (12 lines) 


A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES Met 
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term in the swing equation is usually neglected. 
It is not surprising, therefore, that workers in 
this field have been looking for new methods to 
facilitate their computations, and it is interest- 
ing to note in this connection that an automatic 
device for computing power swings in electrical 
networks has now been developed which should 
considerably ease the task of investigators. In 
fact, it is claimed that the development of this 
computer can certainly be considered a useful 
contribution to hitherto available tools for 
power-system studies, as far as the simplifica- 
tion of the stability computations for a compli- 
cated power system is concerned. 

The new computer is a continuously acting 
analogue computing device and can take into 
consideration many factors which can hardly be 
taken into account in an ordinary network 
analyser, while the results of computations it 
can carry out can approximate much more 
closely to actual conditions. The development 
of the new device is considered to be only the 
first step in the automatization of the network 
analyser, and may be further extended to the 
automatic control and exact analogue of the 
generator, line, and load units, as well as of the 
voltage- and frequency-regulating devices. If 
this is achieved, the mathematical analogue will 
be able to compete with, and possibly will be 
more flexible than, the physical analogue. 


From Science Record, Pekin, China, 
February 1960, pp. 133-138. 


THE “ TWIN-PLANETARY” EPICYCLIC GEAR 

In epicyclic gear trains requiring the trans- 
mission of a given torque from a central sun 
gear to a large internal gear by means of one or 
several planetary gears mounted on a common 
carrier, the unfavourable loading of the plane- 
tary gears presents a common difficulty. Thus, 
an arrangement with one planet gear severely 
limits the transmissible torque, whilst, because 
of unavoidable tooth errors, several planet gears 
mounted rigidly on a common carrier cannot 
share the load equally. Elastic rubber bushes 
are not satisfactory in the long run, and a design 
with flying, self-centring planets is complicated 
and expensive. 

To overcome these difficulties, a recently 
developed ‘* twin-planetary ” epicyclic gear has 
two planet gears mounted on eccentric pins on 
diametrically opposite sides of one carrier. Each 
pin is connected with a lever terminating in a 
gear segment, and the two segments are in mesh 
at the centre of the gear train. If one planet takes 
a higher load than the other, the levers are auto- 
matically turned slightly in opposite directions, 
and the planet gears are displaced radially by 
means of the eccentric pins, so as to restore equal 
load distribution. Owing to the high lever/ 
eccentricity ratio, the load on the gear segments 
aeRIL, 
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is very small and the width of the segments need 
only be :’'sth of the gear width. If the eccentric 
pins are supported in ball bearings, friction is 
negligible, so that the loading can be balanced 
to about 98°, independently of manufacturing 
accuracy. The radial change in axial distance 
between the meshing gears is within permissible 
limits, e.g., 0-001 in. for profile errors of up to 
0:08 in. The design is dynamically balanced and, 
because of load equalization, is subject to pure 
couples only, so that the bearings can be made 
simple and small and the sun gear need be sup- 
ported on one side only. Profile and pitch errors 
are counterbalanced to a certain extent by the 
eccentric adjustment, as is evident from the 
extraordinarily quiet running of the gear. The 
gear, which is robust and inexpensive, can be 
manufactured by conventional methods and 
transmits double the power of a single planetary 
gear of equal dimensions. 


From Osterreichische Ingenieur Zeitschrift, Austria, 
March 1960, pp. 103-105. 


@ MATERIALS WITH BOTH FERROELECTRIC 
AND FERRIMAGNETIC PROPERTIES 
Ceramics with magnetic properties have long 
been known but, until now, none has exhibited 
both ferroelectric and ferrimagnetic properties 
at the same time. Thus, ferroelectrics normally 
have a high dielectric permittivity and very low 
magnetic permeability, while ferrimagnetics have 
a high magnetic permeability and very low di- 
electric permittivity. It is now reported, how- 
ever, that a series of materials with a single- 
phase crystalline structure, simultaneously ex- 
hibiting ferroelectric and ferrimagnetic proper- 
ties, has been discovered. As ferroelectricity and 
ferrimagnetism seem to be mutually dependent 
in these materials, which basically comprise a 
barium niobate containing any one of several 
rare earths plus iron oxide, they should find 
application in new electronic components where 
a coupling between dielectric and magnetic 
effects is desirable, or where a magnetic material 
with a high dielectric constant would be useful. 
Samples of the new material are made in 
accordance with normal ceramics-laboratory 
procedures, i.e., mixing the constituents, press- 
ing them into pellets, and firing until they sinter. 
Some of these compositions have been made 
with the rare earths neodymium, samarium, 
europium, or gadolinium, with varying amounts 
of iron oxide, and all have shown both ferro- 
electric and ferrimagnetic properties in a single- 
phase crystalline form. The presence of the rare 
earth and the iron seems to be necessary for the 
material to show both properties simultaneously, 
the kind of rare earth used having a considerable 
effect on the Curie points of the compositions. 


From Technical News Bulletin, National Bureau of Standards, U.S.A. 
February 1960, pp. 29-30. 
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STANDARDISED RIGHT ANGLE CONIFLEX 
BEVEL GEAR UNITS FOR INDUSTRY 


FEATURES: @ universal mounting @ lubricated for life 


@ compact design @ internal pilots on 
mounting flanges 
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@ hardened coniflex gears q 
@ ball bearings & each unit tested for ANGLgear units are compact, standardized 9 
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@ ULTRASONIC WELDING OF DISSIMILAR- 

METAL COMBINATIONS 

Ultrasonic welding techniques are being 
effectively used for joining dissimilar metals 
which are difficult to join by more conventional 
techniques. Such junctions are generally free 
from the interdiffusion, intermetallic compounds, 
and brittleness often associated with fusion 
bonding. Potential applications of ultrasonic 
welding are found in structural, electrical, and 


' electronic fields, bonds of structural integrity 


having been produced in bimetal combinations 
of many of the high-temperature refractory 
metals and alloys, such as titanium, zircon- 
ium, molybdenum, and the precipitation-harden- 
ing stainless steels. Electrical connections, such 
as the attachment of leads to coils, or contacts 
to a variety of configurations, are readily pro- 
duced with combinations of silver, copper, 
aluminium, and other materials. Good-quality 
junctions of excellent conductivity are repro- 
ducibly achieved, even through certain insulating 
coatings. 

Another interesting application is the bond- 
ing of gold contacts to gold-plated beryllium 
springs. Ultrasonic welding may also be em- 
ployed for the joining of various metals to an 
iron-nickel-cobalt alloy frequently used where 
glass-to-metal seals are required. The process is 
of interest also for certain types of electrical 
connections, such as the joining of stranded 
aluminium wires to copper terminals. Potential 
applications of this technique also exist in the 
manufacture of electronic tubes, ultrasonic weld- 
ing of the components eliminating the con- 
tamination which is such a serious problem in 
obtaining tubes of high reliability. Furthermore, 
it would permit the use of materials such as 
titanium which, at present, cannot be used 
because of the difficulty in welding these mater- 
ials to dissimilar metals. 


From Welding Journal, U.S.A.., 
February (960, pp. 131-138. 


@ TRANSISTORIZED ULTRASONIC POWER 

GENERATOR 

The increased use of ultrasonic energy in 
industrial applications has created a larger de- 
mand for ultrasonic-frequency power supplies, 
most of which are constructed with thermionic 
valves as the conversion device. However, 
power supplies embodying transistors operated 
as high-current switches can be made higher in 
power-conversion efficiency and more compact 
for the same power rating. 

A recent paper reviews a number of circuits 
which have been utilized in the generation of 
ultrasonic-frequency power by means of tran- 
Sistors, and states that ultrasonic power genera- 
tors have been constructed with ratings of 50 W 
to | kW. The frequency of the germanium tran- 
APRIL, 
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sistors used is a function of temperature, supply 
voltage, and load, the frequency variation from 
transistorized power generators being 1% per 
10°F temperature variation and | % for a supply- 
voltage variation of 10°, with a frequency varia- 
tion of 0:02% from no-load to full-load. 

A 1-kW unit, 20 in. in width, 9 in. in height, 
and 15 in. in depth, has been constructed. This 
unit weighs less than 50 Ib and has a d.c.-to-a.c. 
power-conversion efficiency of about 85%, 
whereas, by comparison, a generator of the same 
power rating using thermionic valves may be 
three times as heavy and be only about half as 
efficient. At the present time, the cost of tran- 
sistor units is higher than that of thermionic 
units, but this situation is expected to improve 
when higher-power transistors become available. 
Laboratory samples of silicon transistors rated 
at 300 V and 20 A are already available. 


From Communications and Electronics, U.S.A., 
January 1960, pp. 1062-1064. 


@ SHIPS WITH RUBBER COATINGS TO 

REDUCE TURBULENCE 

The question why porpoises can swim so 
swiftly with so little apparent effort has led to 
the development of specially designed rubber 
coatings which effectively reduce the turbulence 
normally created when an object moves through 
water. In fact, one such coating is claimed 
to reduce drag by about 50°% on underwater 
measuring devices, although greater reductions 
are theoretically possible. Wide application of 
these coatings is foreseen for pleasure craft 
which plane on water, although larger surface 
vessels, such as freighters, tankers, and passen- 
ger liners, are less likely to derive immediate 
benefits, because they generate large bow waves. 

Many compounds and designs have been 
tried, the most practical development so far 
being a thin layer of rubber supported by a mul- 
titude of tiny rubber pillars. Interconnecting 
channels between the pillars contain a freely 
flowing viscous liquid. The channels face the 
surface of the hull, the outside, or water side, of 
the coating being smooth. The channels give the 
coating flexibility, and the liquid provides the 
necessary damping to suppress potential tur- 
bulence. 


From Mechanical Engineering, U.S.A., 
March 1960, pp. 84-85. 





Readers desiring further information on any 
developments reported in THE BLUE PAGES 
are invited to write to the Editor. Copies of the 
full specifications of any British patents men- 
tioned, which are published by courtesy of H.M. 
Stationery Office, should be obtained from the 
Patent Office, 25 Southampton Buildings, 
Chancery Lane, London, W.C.2. Price 3s. 6d. each. 
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OFFERING the advantage of efficient packaging into a 
three-dimensional arrangement which can be small, 
light, and relatively economical, flexible printed circuits 
basically comprise etched circuits composed of copper 
conductors encapsulated in any one of a wide variety of 
flat and flexible insulating plastics. The bond between the 
conductors and the insulation is virtually indestructible, 
so much so that the insulation cannot be peeled off with- 
out first destroying the unit. As a result, the bond pro- 
vides an effective barrier against the penetration of 
moisture or gases. 

Essentially, then, flexible printed wiring is a marriage 
of conventional wire circuits and printed-circuit boards, 
using a variety of insulating materials of thin flexible 
plastic, with only the terminations exposed. The flat 
conductors can take any configuration to close toler- 
ances, as required by the circuit layout, so that the circuit 
can be bent, twisted, coiled, preformed, and fitted flat 
into corners, while the feeder arms can take off from the 
main cable in any direction. 

The projected use of flexible printed wiring does not 
affect any design considerations until the early model or 
prototype stage is reached, when such factors as package 
form, size, weight, construction, cost, and environment 
pose a large number of problems that can be solved with 
this new circuitry. 

To design the flexible printed circuit, a rough sketch 
of the wiring layout is the first step. When perfected to 
the point of accurate positioning and detailed dimensions, 
this sketch evolves into master art-work for reproduction. 
During the in-between stages, the sketch is refined to a 
Wiring-circuit mock-up, which can be made of cardboard, 
Paper, Or transparent acetate, a transparent mock-up 
being especially useful for planning multi-layer circuits. 
A paper mock-up can be folded, cut out, formed to fit 
corners, and cut to conform to components in exactly the 
Same way that the completed flexible printed circuit can 
be manipulated. 

To achieve maximum efficiency and economy in 
printed-circuit production, the conductor pattern should 
be arranged, if possible, to obviate the need for cross- 
Overs. Also, all terminations, i.e., uninsulated portions, 
of conductors should appear on one side only. Flexible 
Printed circuits manufactured with cross-overs as multi- 
layers and with terminations on both sides are more com- 
plicated to manufacture and are therefore more costly. 
At this early stage, they should be eliminated, if possible. 
In certain circumstances, the dictates of high circuit 
density, small size, light weight, or simplified assembly 
require cross-overs, and these requirements can all be met. 
It should, however, always be borne in mind that the 
surface of a flexible printed circuit is not confined to a 
Single plane, but may be in many planes, perpendicular 
or stacked. 
APRIL, 1960 Volume 21, No. 4 
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Flexible Printed Circuits 
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and their Design 


By V. DARLGREN 


From Machine Design, U.S.A.., 
Vol. 32, No. 6, March 17, 1960, 
pp. 146-159, 22 illustrations 


By using common printed-circuit techniques, the 
design-drafting group can prepare final art-work and, in 
many cases, photographic negatives for reproduction. 
When the circuit pattern is complete, the electrical and 
mechanical parameters of the flexible printed cable or 
harness can be specified for design-drafting. 

The materials used in flexible printed wiring can be 
divided into three categories, i.e., (1) base or insulating 
materials, (2) supporting, i.e., stiffening or rigidizing, 
materials, if required, and (3) conducting materials. 
With regard to base or insulating materials, temperature 
range, moisture-absorption characteristics, chemical 
inertness, flexing strength, tensile strength, electric 
strength, dielectric constant, ageing effects, and cost are all 
important factors influencing the selection of base 
material. Similarly, careful consideration should be 
given to the effects of using a supporting material. Sup- 
porting or reinforcing materials can be bonded to flexible 
printed wiring to provide dimensional stability, rigidity, 
mechanical support, better resistance to abrasion, or 
shielding. Glass cloth, metal mesh, sheet metal, or many 
types of thermosetting plastic boards are materials which 
can be used. 


Conductors 


Rolled copper foil of more than 99°, purity is 
normally used for conductors and shields, although other 
grades can be employed. Conductor widths and thick- 
nesses are determined chiefly by the required current- 
carrying ability. Because a selection of copper thicknesses 
is available, this ability may also represent a compromise 
between flexibility and minimum line width—the thicker 
the copper, the smaller the width for a given current- 
carrying capacity. 

The width-to-thickness ratio of conductors should be 
6 or more, and conductors should have a minimum width 
and spacing of 0-025 in. By observing these arbitrary 
limits, the designer can automatically eliminate many 
production difficulties. When these minimum figures 
cannot be adhered to, conductor widths as small as 0-010 
in. are possible, and even narrower lines can be held for 
sub-miniature applications. Careful art-work is of key 
importance when working to these fine line dimensions, 
and special problems might still arise. 

Wire size, or conductor width and thickness, may 
affect the permissible temperature rise. Other factors 
which should be considered are type and thicknesses of 
insulation, supporting materials, number of layers, 
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number of conductors per cable, and environments. In 
general, the printed conductor shows a better temper- 
ature-rise characteristic than its equivalent wire size, 
because the flatness of the printed conductor gives a 
better ratio of exposed surface to volume for heat dissi- 
pation. 

The current Jz required for a given temperature rise 
at some high ambient temperature can be expressed as 


I2 = Ny Ri/Re » <4) 


where /; is the amperage required for the same temperature 
rise at a lower ambient temperature, Ri is the resistance 
{ohms/ft] of the copper at the lower ambient temperature, 
and Re is the resistance at the higher ambient temper- 
ature. 

Fig. 1 shows the variation of resistance temperature 
coefficient a with temperature for pure annealed copper. 
If the resistance R, at any temperature 7; is known, the 
resistance Re at any other temperature T2 can be deter- 
mined as 


Re = Ri{1 + a(T2—T))] (2) 


where a is the resistance temperature coefficient of the 
copper at the known temperature 71, as derived from 
Fig. 1. 
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Fig. |. Resistance temperature coefficient of pure annealed 


copper as a function of temperature. 

Flash-over or arcing between exposed conductors is a 
function of conductor spacing, exact values depending on 
humidity, atmospheric pressure, and other factors. Fig. 2 
shows typical curves of flash-over voltage for exposed 
copper in air at sea-level, using both alternating and 
direct current. 

The shape of conductor terminations should be de- 
signed to accommodate the form of attachment used. 
Usually, terminations consist of exposed copper areas or 
*“* pads ’’, perforated to admit a connector pin or com- 
ponent lead and placed at any point along the length of a 
conductor. Cable design should always provide for ade- 
quate spacing between terminal and adjacent conductors. 
Round terminating pads are most commonly used, but 
close spacing may necessitate using elongated, narrower 
shapes. Adequate area should be provided to ensure that 
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Fig. 2. Influence of conductor spacing on flash-over voltage for 
exposed copper in air, in the case of (1) 60-cps alternating 
current, and (2) direct current. 
the pad is entirely clear of insulation, thus providing 

enough copper for a good solder fillet. 


Multi-Layer Construction 


When it is not practical to design the circuit with all 
conductors on a single surface, i.e., with no cross-overs, a 
multi-layer construction of flexible printed circuit can 
be used. Also, when exceptionally high wiring density, 
shorter routing of interconnections, smaller circuit area, 
shielding, or stiffening of the circuit is needed or desired, 
this construction can be employed. 

Layers are insulated from each other, and may be 
either laminated together or left separate and joined 
through connectors at the termination. Important work 
simplification in assembly results from using one part, 
instead of two, three, or four separate pieces. The circuit 
may require interconnection between layers. 

The design of this type of circuit is the result of a 
number of trial layouts aimed at finding the most direct, 
efficient, and economical compromise. Two precautions 
should be observed, i.e., (1) conductors on each layer 
must be routed, and terminations and components 
located, so that no terminations are superimposed on 
another layer; and (2) if interconnections are to be made 
between layers, art-work must be prepared for both 
layers with points of interconnection in register, this being 
easily accomplished with a transparent plastic overlay. 

Various types of shielding can be designed to provide 
flexibility. Lattice shielding, with the lattice structure 
running across the conductors at an angle of 45 deg., is 
effective and permits sharp bending of the shielded cable. 
A solid shield can be used where electrical conditions 
demand it, and where minimum flexing or bend radius is 
required. 


Dimensional Tolerances and Art-Work 


Art-work should be planned with the same consider- 
ations that apply to designing hardboard printed circuits 
made with thermosetting plastics. If the tolerances can be 
maintained, a 360-deg. solder fillet at connections can be 
practically guaranteed. 

Generally, tolerances of -+0-005 inch per inch of width 
can be held. For larger sections, tolerances of + 4; inch 
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per foot are practical. Pieces running | foot or longer 
should be laid out with a tolerance of +-4 inch per foot, 
and it is good practice to design to the “ long side ’’ of 
these dimensions. All solder pads should be designed as 
large as possible, and yet be consistent with circuit char- 
acteristics dictating available space. 

A variety of methods will assure accurate alignment 
of flexible circuits with connectors and components. 
These methods include (1) slitting the ends of cable length- 
wise, to allow enough side-to-side “ play ’’ for positioning 
termination pads; (2) adding a negligible amount of 
cable length to overcome any critical dimensions in the 
longitudinal direction. When holes are matched to pins, 
the extra length is absorbed in an indiscernible catenary 


or ripple; and (3) drilling or punching eccentrically either 
standard or oversize termination pads to match connector 
pins. 

In preparing art-work, a drawing material having the 
dimensional stability of plastic-impregnated glass cloth 
should be used. All lines in the art-work must appear 
dense and opaque to the camera, and have sharply de- 
fined edges. Sharp-line ink drawings are satisfactory, but 
any voids left in the ink drawing appear in the finished 
circuit; ragged edges on the conductors detract from 
appearance and might show up under high-voltage tests, 
with misleading results. 

For small areas, the use of black pressure-sensitive 

(Concluded on page 129) 


The Causes and Prevention of Spring Failures 


By E. BRUDER 


TuE life of springs in service varies considerably, and 
failures can generally be attributed to sudden fractures 
usually associated with excessive hardness of the material, 
to fatigue fractures, and to softening, i.e., reduced elas- 
ticity. A fatigue fracture under alternating loading occurs 
when the operating stress exceeds the dynamic fatigue 
strength of a spring made from a specified material and 
suitably heat-treated. Fatigue fractures usually originate 
at positions of high stress concentrations, i.e., at spots 
where there are surface defects such as scale or annealing 
marks, slag inclusions, drawing and rolling marks, hard- 
ness cracks, etc., or where the surface has been damaged 
during manufacture, assembly, or in service. 

Improper heat treatment, such as incorrect tempering, 
which in some cases causes soft spots by excessive surface 
decarburization, can also lead to spring failures; the de- 
carburized areas then mainly consist of ferrite, which has 
a comparatively low fatigue strength and therefore 
favours the occurrence of fatigue cracks. In particular, 
silicon spring steels tend to decarburize during forging, 
rolling, and drawing operations. However, excessively 
hardened zones and the use of unsuitable material can 
also bring about spring failures. 

The softening of springs is mainly due to conditions in 
which the dynamic yield strength of the material is ex- 
ceeded. The permanent set resulting from a deterioration 
of the elastic properties is frequently due to improper 
tempering, to intermittent overloads, and particularly to 
the falling off of the yield point of the material at high 
Operating temperatures. 

If a spring is chosen with too many turns, it may be- 
come coil-bound under the operating load and will then 
behave like a rigid connection, causing damage to other 
parts of the machine in which it is fitted. 


Examples of Failure of Helical Springs 


In a cardboard factory, the pressing device of a paper- 
cutting machine failed suddenly because the springs bear- 
ing on the pressing beam had broken in several places. 
The pressing arrangement in this instance comprised 
three individual springs in series, each with a length of 
570 mm, a coil diameter of 112 mm, and a wire diameter 
of 22 mm, made from rolled (but not drawn) bar steel and 
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From Der Maschinenschaden, Germany, 
Vol. 33, No. 1/2, February 1960, 
pp. 13-18, 19 illustrations 


subsequently tempered. The outer region of the fractured 
areas showed a fine-grain, grey, and velvet-like structure, 
while the centre showed a fracture which was similar in 
appearance to a fracture in wood. This fractured struc- 
ture is normal for the hardened spring steel considered 
and is characteristic of a sudden torsional failure. The 
fracture originated at two positions, another crack in this 





Fig. |. Photomicrograph of a polished section through the 
cracked area of a spring from a paper-cutting machine. ( » 65) 
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area indicating a manufacturing defect. A photomicro- 
graph of the polished specimen (Fig. 1) shows in this area 
a wide, irregular crack in the neighbourhood of irregu- 
larities and inclusions, clearly indicating a defect which 
must have occurred during the hot-rolling of the round 
bar. A finer crack d, visible in the lower part of the photo- 
graph, probably only occurred later, during coiling of the 
spring or during tempering. 





Fig. 2. Fracture of a helical spring from the screening box of a 
vibratory separator. 


Another example of damage concerns a helical spring, 
with a coil diameter of 170 mm and a wire diameter of 
30 mm, which broke into three parts and was the cause of 
damage in the screening box of a vibratory separator. Its 
coils showed marks on the inner and outer sides, which 
were due to the roll gap and which extended over the 
entire length of the wire, but, as the surface of the spring 
had been provided with a black coating, these marks 
were not noticeable during assembly. One of these marks 
is illustrated in Fig. 2 and shows a sudden fracture origi- 
nating at a ridge with an initial crack D; which led to a 
typical fatigue failure. The crushing of the material at 
point a probably occurred only after fracture. Surface 
treatments for increased durability, such as sand-blasting, 
etc., had not been applied to this spring. 

In an automatic sprayer, two compression springs, 
with a coil diameter of 115 mm and a wire diameter of 
28 mm, showed fractures after only 70,000 operating 
cycles, whereas the original springs had withstood 
2,000,000 cycles. The springs had untreated surfaces, 





10S13 

Fig. 3. Failure of a helical spring from an automatic spraying 
machine, 
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and were still covered with scale from annealing and 
rolling. They also showed longitudinal grooves 6; and 
be (Fig. 3), evidently due to the rolling process, from 
which a fatigue failure developed. A second, smaller 
fatigue fracture had its origin at a surface defect bs, 
which can also be identified as initiating in a groove. 
The material was a normal silicon spring steel, the 
strength of which was within the usual limits and which 
seemed perfectly suitable for the purpose of this applica- 
tion. 

Metallographic investigation revealed a wide crack, 
with several branches at its lower end, in which deforma- 
tions and dislocations were apparent, indicating a manu- 
facturing defect due to the crushing action (rolling defect). 
In the subsequent hardening of the spring, hardness 
cracks had developed from this position. Moreover, 
some small overlaps were found, as well as a soft skin 
which was caused during manufacture or heat treatment. 
These surface defects were the sole causes of the fracture. 
The suggestions made before the investigation, to the 
effect that the springs should have been subsequently 
stress-relieved or should have been made from a different 
material, were therefore not relevant. 

The governor spring of a high-speed steam engine 
suddenly broke into several pieces, with considerable des- 
truction of associated components. This spring was a 
tension spring with a wire diameter of 22 mm, and ex- 
amination of one of the fractured surfaces (Fig. 4) clearly 
showed that the fracture had developed from the inner 
side of the spring and had been initiated by narrow, step- 


se 





Fig. 4. Fracture in a governor spring from a steam engine. 


like fatigue cracks D. These initial cracks combined into 
a common front, with a fracture area of somewhat coarser 
structure. This long-term fracture was then followed by 
sudden ruptures at Ri and Re. Many other cracks were 
also found on the inner side of the coil, and some showed 
similar step-like patterns, and further hairline fatigue 
cracks were observed in the suddenly fractured areas. 
The spring had a finely peened surface, which indicated 
that it had been sand-blasted or shot-blasted, and this 
was subsequently confirmed by metallographic investiga- 
tions. Possibly, the peening of the surface had not been 
continued long enough to be fully effective. 

A polished specimen from a longitudinal section, 
however, showed that, without exception, the cracks had 
developed perpendicular to the surface into the full body 
of the cross-section and in all likelihood had not been 
caused by material defects or surface damage. It was con- 
sidered most probable, therefore, that this spring, which 
was made of a tempered chrome-vanadium steel, had 
been continuously subjected to high stresses, which ex- 
ceeded the fatigue strength of the material on the inner 
surface of the wire, where in helical springs the highest 
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stresses Of the cross-section can be expected to occur, 
these stresses producing the fatigue cracks which caused 
the fracture. 

A high-speed cutting machine suddenly ceased opera- 
tion, and it was found that one of the four parts of its 
spring, which was wound from a round bar material, 22 
mm in thickness, had broken in several places. One of 
the fractured portions showed a crescent-shaped fatigue 
fracture which, as clearly indicated in Fig. 5, originated 
from a damaged surface where some contact pressure 
was apparently exerted during operation. 

The springs of fuel-injection pumps in diesel engines 
are particularly highly stressed elements. When a rough- 
running engine of 220 hp was investigated, it was found 
that several fuel-pump springs had failed. The fractures 
had developed partly from the inner side and partly from 
the seating, and had been caused not by flaws in the 
material but by dents or pressure marks on the wire sur- 
face. This is another indication of the extreme sensitivity 
of springs to surface damage, which considerably reduces 
their life. 


L692 
irr) 





Fig. 5. Pressing-beam spring, showing surface damage which 
subsequently led to fatigue failure. 


The danger of using springs with an unsuitable num- 
ber of turns is exemplified by a series of failures in a 
rotary compressor, in which, in a period of six months, 
damage had occurred alternately in the high-pressure and 
low-pressure stages. In this machine, in order to enable 
the rotor to expand inside the casing in accordance with 
the operating temperature, while remaining in its correct 
centre position, the bearings were supported on 32 helical 
springs which had the same dimensions for the high- 
pressure and the low-pressure stages. These interchange- 
able springs were removed each time damage occurred 
and were subsequently replaced at random in any of the 
positions provided for them. The fact that one of these 
springs had too many turns was not at first noticed; as a 
result, this spring was fitted once in the high-pressure stage 


and subsequently in the low-pressure stage, and each time 
was the cause of damage, since it acted as an incompres- 
sible element. 


Fracture of a Torsion-Bar 


Corrosion pitting was the cause of fracture of a round- 
section torsion-bar, which was subjected to purely tor- 
sional loading. A small, dark-coloured area of the fatigue 
fracture and the pitted region of the initial crack are 
clearly visible in Fig. 6. 





Fig. 6. Fracture of a torsion bar, showing corrosion marks. 


The motor vehicle from which this spring was taken 
had been frequently driven over muddy groundand had not 
been adequately maintained. As a result, rust had grad- 
ually developed under the protective coating and, in the 
pitted area caused by corrosion, a small fatigue crack had 
been formed and was the cause of the fracture. 


Examples of Failures of Leaf Springs 


In railway rolling stock, modern designs of leaf 
springs using bosses and corresponding indentations, 
coupled with improved manufacturing techniques, do 
not generally suffer from damaged areas produced during 
manufacture, with the possibility of subsequently giving 
rise to fatigue failures. However, in the reconditioning of 
leaf springs for railway rolling stock, hidden cracks, 
which might develop into complete fractures of the 
leaves, have sometimes been revealed. Shot-blasting of 
leaf springs is not as yet common practice in railway 
workshops, owing to its cost, although it would certainly 
bring about the removal of rust, as well as thorough 
cleaning of the surfaces. In the case of these leaf springs, 
particular importance must be attached to spring hard- 
ness, which should conform strictly to specifications, 
recommended Brinell-hardness values being between 350 
and 420 kg/mm. 





Fig. 7. Leaf spring, showing edges damaged by rubbing, resulting in fatigue failure. 
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Fatigue failures of leaf springs also occur in motor 
vehicles. A fractured lamination from a spring of an 
older type of passenger vehicle showed fine initial cracks 
at both ends of the cross-section, caused by rubbing (Fig. 
7). These appeared first as short step-like cracks perpen- 
dicular to the leaf surface, and from these positions two 
fatigue fractures developed and ultimately caused failure 
of the entire cross-section. 


Service Failures of Miniature Springs 

In the miniature springs used in the watchmaking 
industry, damage to the edges and to other parts of the 
surface can occur either during manufacture or as a result 
of corrosion, resulting in fatigue failures of the springs in 
service. An incipient spring fracture originating at a 
rusty position can act as a stress raiser, while failure can 
also occur if the material has a sharp kink or bend at 
which contact pressure can be concentrated (Fig. 8). 

In electrical instruments, spring failures can also be 
caused by surface damage due to high-tension sparking, 
as illustrated in Fig. 9, the burnt area again acting as a 
stress raiser and causing failure. 

Damage to edges, as can occur while the spring steel 
for miniature springs is being fed to a stamping machine 
can also subsequently lead to failures. 


Prevention of Spring Failures in Practice 


The materials selected for highly stressed springs re- 
quire careful checking to ensure that they fulfil require- 
ments as regards quality and strength, and particularly to 
determine their resistance to dynamic loads. As regards 


the manufactured product, heat treatment must be cor- 
rectly applied and supervised, and damage to the surface 
must be scrupulously avoided, to ensure that the springs 
will have the required service life. 





Fig. 8. Incipient crack in a small spring, caused by a sharp bend. 
( « 15) 


Grinding and polishing of the material after drawing 
serve to eliminate notches and other stress-raisers, but the 
manufacturing costs increase correspondingly, so that, 
for economic reasons, these operations are often not prac- 
ticable. The best solution usually is to provide springs 
with a sufficiently high safety margin to reduce risk of 
failure, though it is true that spring failures can never be 
eliminated completely. An important point to remember 
is that machines using springs should be designed in such 
a way that the failure of a comparatively cheap element 
like a spring cannot cause costly damage to any other 
part, and merely requires replacement of the fractured 
spring element. 
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Fig. 9. Failure of a small spring as a result of surface damage 
caused by high-tension sparking. (» 10) 


Shot-peening of the surface is probably nowadays the 
most rational method of improving spring life, particu- 
larly since it not only removes the outer skin with scale 
and other defects, but also enables, in some cases, the 
decarburized surface layers to be removed. The surface, 
however, should be shot-blasted only to a sufficient extent 
to confer the required fatigue-resisting properties. 
Tests have shown that there is less damage to the surface 
with low shot-blasting pressures and small sizes of peening 
material. However, it is advisable to operate initially at 
a fairly high blasting pressure, so as to remove rapidly the 
decarburized layers and to obtain favourable compressive 
stress conditions in the material, a lower blasting pressure 
then being used to smooth out any small marks on the 
surface. 

Improvements in spring life can also be obtained by 
pickling and varnishing, by plating with cadmium, zinc, 
tin, or chromium, or by nitriding, particularly if corro- 
sion is expected under service conditions. 

With regard to the selection of spring steels, helical 
springs should have a Brinell hardness between 390 and 
500 kg/mm2?, an ultimate tensile strength between 135 and 
170 kg/mm?, and an elongation between 5 and 15%. 
Leaf springs should have a Brinell hardness between 310 
and 450 kg/mm? (350 to 420 kg/mm? for railway rolling 
stock), an ultimate tensile strength between 110 and 160 
kg/mm?, and an elongation between 5 and 15%. In all 
cases, the lower values given are preferable. 

In the case of high-quality torsion bars and helical 
springs with ground or sand-blasted surfaces, Brinell 
hardness should be between 490 and 530 kg/mm®, the 
ultimate tensile strength between 160 and 185 kg/mm’, 
and elongation between 4 and 8%, though the values of 
elongation can, if desired, be higher. 

The structure of all springs should be sorbitic, and 
their permissible service stresses should, as a general rule, 
not be higher than from 50 to 80% of the fatigue strength. 
It should also be noted that premature failure of springs 
made from materials of extra-high quality has sometimes 
been reported and that their replacement by ordinary 
springs, which have a lower notch sensitivity, has occa- 
ee resulted in an improvement in such cases. How- 
ever, in this connection, it is not possible to generalize. 
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Hard-Facing of Metals with “‘ Powder-Tape’’ Electrodes 


By O. A. Baksi, E. F. BELousov, G. P.KLEKOVKIN, V. M. SoLovskoy, and T. V. SUMINA 


In order to improve the efficient production of wear- 
resistant surfaces on machine components, a new type 
of ‘* powder-tape *’ electrode developed in Russia can be 
used in submerged-arc automatic and semi-automatic 
metal-deposition processes. The electrode can also be 
used for manual hard-facing. 

As can be seen from Fig. 1, a hard-alloy powder (3) 
is enclosed between two steel strips, the lower corrugated 
strip (1) being provided with small compartments for the 
powder, and the covering strip (2) enclosing the powder 
in the assembly. The special construction of this electrode 
permits uniform distribution of the powder in all direc- 
tions, confers on the electrode greater longitudinal flexi- 
bility combined with sufficient lateral rigidity, and pre- 
vents spillage of the powder from the electrode. Also, a 
wide variation in the chemical composition and other 
characteristics of the deposited metal can be achieved, 
while the process is claimed to ensure high productivity 
and good-quality hard-wearing surfaces at low cost. 





Fig. 1. Construction of the new powder-tape electrode. 


The powder-tape electrode can be manufactured 
separately, or continuously during the actual hard-facing 
Operation on special equipment attached to the welding 
machine. An example of such an arrangement is shown 
in Fig. 2, in which two coiled strips (1) are directed 
through sets of guiding and shaping rollers, the lower 
strip passing through rollers (3) and (4), which form the 
strip into its cellular corrugated shape, and the upper 
strip through rollers (2), which produce the cover. The 
corrugated strip collects powder from a hopper (7), the 
amount of powder being controlled by a shutter (9). The 
covering strip passes through a slot (8) in the hopper (7), 
the two strips being joined by rollers (5), and the assem- 
bled electrode entering the electrode holder (6). In 
Operation, an arc is struck between the electrode and the 
parent metal, the generated heat melting the tip of the 
electrode and initiating metal deposition under the shield 
of a granular flux supplied to a funnel-shaped container 
via a hose (10). 

The performance of the new powder-tape electrode 
has been tested with automatic, semi-automatic, and 
manual equipment, and the quality of deposits in each 
case analysed, and the optimum conditions for efficient 
metal deposition determined. For automatic operation, 
special equipment was constructed on the lines of the 
arrangement shown in Fig. 2, the entire unit being 
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mounted on the saddle of a lathe. The guiding and 
shaping rollers were driven by a 0-6-kW asynchronous 
motor through a worm-gear reduction unit and sets of 
bevel gears. Current to the electrode was supplied from 
two welding transformers in parallel. 

For all experiments, the powder-tape electrode was 
made up of two cold-rolled low-carbon steel strips, con- 
taining 0-05 to 0-12°% carbon, 0:25 to 0:5°% manganese, 
0:3% silicon, up to 0:15% chromium, and up to 0:3% 
nickel, using as a filling a special alloy powder containing 
10% carbon, 16% manganese, 1:5% silicon, and 18% 
chromium. The thickness of the strips was 0-6 to 0°8 
mm, and the width of the finished tape about 45 mm. 

During tests with the automatic process it was found 
that the arc completely melts the constituents of the 
powder-tape electrode, fusing them into one drop and 
thereby increasing the stability of the arc and preventing 
spraying out of the alloy powder from the electrode 
prior to metal deposition. For this automatic process, 
optimum results were achieved with both alternating or 
direct current of 1250 to 1350 A and 35 to 40 V, with a 
speed of deposition of 22 m/hr. Under these conditions, 
the coefficient of deposition was found to be 16:5 
gm/A-hr, and the electrode loss about 2 to 3%. 

In hard-facing processes, great importance attaches 
to the hardness and wear resistance of metal deposits; 
with a view to finding the most suitable composition of 
the electrode materials, special tests were therefore 
carried out in which the proportion of the hard-alloy 
powder constituent was varied between 30 and 45% of 
the total weight of the electrode, and the effects of this 
variation on the composition of the deposit were deter- 
mined. The results of these tests are plotted in Fig. 3, 
from which it can be seen that, while the percentage of 
silicon in the deposit remains fairly constant after an 
initial slight increase, the carbon, chromium, and man- 
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Fig. 3. \Variations in Cr, Mn, C, and Si contents of the deposits 
formed, as functions of the powder content of the electrode. 


ganese contents increase substantially with an increasing 
percentage of powder in the electrode. Obviously, the 
increase in the hardness of the deposit follows a similar 
pattern, increasing with increasing carbon, manganese, 
and chromium contents. With a recommended powder 
content of 40%, the hardness of the metal deposits was 
about 46 to 52 Rc. 

A detailed examination of the microstructure of the 
deposits obtained by the automatic process indicates that 
the deposits have a clearly defined austenitic base with a 
Vickers microhardness of 450 to 500, this base being 
covered by a troostite and carbide phase with Vickers 
microhardnesses of 520 to 560 and 1017 to 1020 
respectively. Generally, the deposits are of good quality, 


free from pores and cavities, and fusion of the parent 
metal does not exceed | to 2 mm in depth. 

The new electrode was also tried out in a semi-auto- 
matic process, in which a layer of flux, 5 to 8 mm in 
thickness, was first deposited on the surface of the parent 
metal, the flux being covered by a prefabricated powder- 
tape electrode which, in turn, was covered by another 
layer of flux, with a copper plate on top. The free end of 
this horizontally arranged electrode was clamped in an 
electrode holder, and the arc struck at the other end, 
gradually traversing the whole length of electrode and 
workpiece and effecting metal deposition. For this 
process, both direct and alternating current can be used, 
the best results being achieved with a current of 400 to 
500 A and a speed of deposition of 7 to 9 m/hr. Under 
these conditions, the coefficient of deposition is 16 to 18 
gm/A-hr and the electrode loss 2 to 3%. The metal 
deposits obtained are of high quality, free from pores 
and slag inclusions, and fusion of the parent metal is 
insignificant (0-5 to 0-75 mm in depth). The micro- 
structure of the deposit is similar to that obtained with 
the automatic process, and the hardness of the deposit 
is about 48 to 50 Re. 

Manual hard-facing experiments were also carried 
out with a prefabricated electrode, which, however, had 
to be provided with a protective coating to prevent con- 
tamination of the deposit by nitrogen or oxygen. The 
coated electrodes were cut into short pieces, each 450 mm 
in length, and the process was carried out both with 
direct and alternating current, the optimum conditions 
being a current of 350 to 400 A at 17 to 20 V and a speed 
of deposition of 7-5 to 9 m/hr. The coefficient of deposi- 
tion in this case did not exceed 7:5 to 8 gm/A-hr. 


A Method of Measuring the Resistivity of Protective 
Coatings on Metals 


By L. RIVOLA 


From La Metallurgia Italiana, \taly, 
Vol 7, No. 1, January 1960. 
pp. 15-18, 7 illustrations 


THE purpose of protective paint coatings on metallic 
structures is to provide a continuous barrier which will 
isolate the metal from physical contact with the ambient 
medium and protect it from possible galvanic corrosion. 
In addition to a high electrical resistance, the coating 
should be stable and should have extremely low water- 
absorption properties. 

As coatings with a sacrificial pigment (such as those 
with a metallic zinc base) are not here considered, it can 
be said that the high ohmic resistance of coatings is one 
of their basic characteristics. From the electrochemical 
point of view, the coating eliminates the effects of the 
voltages of local corrosion cells by interposing a high 
resistance between the galvanic elements and the electro- 
lytic medium. 

Many experimental investigations have established 
the importance of electrical characteristics for the assess- 
ment of coatings. Thus, the values of conductivity, 
capacitance, and polarization potential are definite func- 
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tions of the quantity of water absorbed, while the varia- 
tion of impedance with frequency depends mainly on the 
porosity and the adhesive strength of the coating to the 
metal base. 

Porosity, in particular, results in the formation of 
small anodic zones at the pores, surrounded by fairly 
large cathodic areas. The pore, therefore, is a corrosion 
centre, since it allows direct contact between the aggres- 
sive medium and the metal base and also provides a path 
to the cathodic areas surrounding it. The output of the 
cells thus formed is closely associated with the resistivity 
of the coating, which limits the short-circuit current, so 
that the value of resistivity is indicative of the protective 
properties of a coating. 

In measuring resistivity, however, it will nevertheless 
be necessary to take account of the polarization imped- 
ance, since the potential difference between the metal 
and the medium, owing to the passage of current, in- 
cludes a reactive component which is determined by the 
capacitive characteristics of the coating. 


Experimental Investigation 


In the measurement of resistivity of coatings, the 
following considerations must always be borne in mind: 
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(1) Current density must be kept to a minimum value, 
to avoid polarization phenomena which are not 
reproducible and which have irreversible effects. 

(2) The electrical resistivity of coatings is generally 
extremely high, ruling out the possibility of using a 
bridge method of measurement, which is insuffi- 
ciently accurate for such high values of resistance. 

(3) The necessity for isolating the reactive component 
from the ohmic component requires the use of a 
measuring current of suitable waveform. 

In this investigation, it was therefore considered 
necessary to employ a method which would give voltage 
and current measurements and which would enable very 
low currents to be indicated. Pulsing techniques were 
found suitable for this purpose, square-wave pulses, with 
steep flanks on both sides and an interruption period 
equal to the pulse duration being generated. 
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Fig. |. Typical oscillograms of (a) current, and (b) potential 


waveforms obtained with square-wave pulses. 

The ohmic and the reactive components of the coated 
metal surface, immersed in an electrolyte, together with 
an insoluble anode, were determined from the waveform 
of a voltage curve, and the waveform of the measuring 
pulse was obtained as a current curve, both curves being 
displayed simultaneously on an oscilloscope screen. 
Fig. | shows typical oscillograms of current and voltage, 
in which the amplitude and waveform of the excitation 
pulse are obtained by indicating the potential drop across 
the terminals of a calibrated resistance placed in series 
with the test cell. The voltage waveform (Fig. 1b), 
taken directly from the two electrodes of the cell, has 
two main features, i.e. (1) sudden jumps, corresponding 
to interruptions or applications of current, and due 
solely to the ohmic component, and (2) rising or decreas- 
ing curve portions, caused by the non-instantaneous 
charging and discharging of the polarization reactances. 
Electrical resistivity can be determined directly from the 
instantaneous drop in potential “\V represented by the 
height of the pulse, giving the resistance R as (\V/I. 

In view of the high electrical resistivity of coatings, 
the measuring cell was so designed as to provide fairly 
large electrode surfaces, and, for convenience, a cell of 
cylindrical shape was used, with an inside diameter of 
10 cm, made from polyvinyl chloride. The anode, of 
fairly large size, was made in the form of a stainless-steel 
probe and inserted through the cylindrical wall in the 
transverse plane of symmetry of the cell. The cell was 
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Fig. 2. Basic arrangements used (a) for measuring potential, and 
(b) for measuring current. 
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Fig. 3. Circuit used for determining 
the resistivity of coatings. 














closed at its ends by two coated metal plates of circular 
shape (12 cm in diameter), which cculd be held tightly 
against the edges of the cylinder by means of four extern- 
ally arranged tie-rods and suitable fittings. Artificial 
sea-water was used as the electrolyte in the cylinder, the 
ratio of the exposed surface areas to the volume of the 
electrolyte being 260-6 cm?/cc. 

The basic measuring arrangements are illustrated in 
Fig. 2, in which the oscilloscope terminals are connected 
in parallel with the cell for the measurement of potential 
(Fig. 2a), and in parallel with the resistance Ri for the 
measurement of current (Fig. 2b). The oscilloscope 
used had an input impedance of 2 megohms and a maxi- 
mum sensitivity of 10 mV/cm; the square-wave generator 
had an output impedance of 75 ohms, with a maximum 
attenuation of 80 dB. 

The complete electrical circuit, shown in Fig. 3, in- 
cludes a multipole switch which allows measurements to 
be made of either current or voltage, with the specimens 
always acting as cathodes, and providing for the earthing 
of the square-wave generator and the oscilloscope. Since 
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Flexible Metallic Couplings with Dynamic Links 


By M. F. Batzui and G. D. EsIn 


From Vestnik Mashinostroyeniya, Russia, 
No. 1, January 1960, 
pp. 31-36, 7 illustrations 


MANY current designs of flexible shaft couplings 
using springs, rubber pads, or other resilient materials 
suffer from a number of defects, including comparatively 
ow flexibility. high weight, high moment of inertia, and 
low tolerances to misalignments, as well as lack of 
reliability and limited service life. 











Fig.! Principle of operation of a non-reversible flexible coupling 
with dynamic links. 











Fig. 2. Principle of operation of a reversible flexible coupling 
with dynamic links, 


In order to overcome these difficulties, a new type of 
flexible metallic coupling has been developed in Russia, 
in which use is made of dynamic links, as shown in Fig. 1, 
which refers to a non-reversible coupling of this type. 
The main feature of the coupling is a hinged link ABC, 
the link pair being connected at the point A to the driving 
disc K, and at the point C to the driven disc N. During 
operation, as a result of a centrifugal force P., the rela- 
tive positions of points A and C are displaced through 
an angle B around the pivot-point B, with a relative dis- 
placement a of the driving and driven discs. The forces 
acting on the link can be resolved into components 7, 
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which in turn give rise to tangential components P, 
ensuring the actual transmission of the torque M. 

The magnitude of torque M [kgcm] can be obtained 
from the relation. 


a / ee ae 
= r cOSs +4 1,/ 1 — A? sin®, ) sin 
mrzo” 2 2 Z 


2 ; a 
Y Ji 2 sin? , 


where mm is the mass of the linkage [kg-sec*/cm], r is the 
hinge radius, i.e., AO = CO in Fig. 1, [cm], / is the 
length of each link [cm], 4 = r//, z is the number of link 
pairs, and @ is the angular velocity. 

In order to make the coupling reversible, counter- 
links AED are fitted, as shown in Fig. 2, the transmitted 
torque M being equal to the difference between the 
torque M, of the main linkage ABC of mass m and 
the torque Me of the counter-linkage AED of mass mo. 
Under no-load conditions, Mi = Me. 

In these couplings, the magnitude of transmitted 
torque M is proportional to the square of angular velocity, 
and their flexibility varies over the operating range, 
increasing with high relative angles of displacement a. 
In general, their flexibility is high throughout the entire 
Operating range and they have a very high damping 
capacity, completely isolating vibration of the driving 
system from the driven member. It is true, however, 
that, at very low speeds, a shortcoming of the coupling 
appears to be that of reduced flexibility, particularly 
during starting. 

The simplest form of link arrangement is shown in 
Fig. 3a, in which plate-type links (1) are held in place by 
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Fig. 3. Typical link arrangements of the new flexible coupling. 
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plates (2) and pivot around the hinge (3), being joined 
by pivots (4) to the driving member (5) and the driven 
ember (6). This design is of simple construction and is 
basically intended for the transmission of relatively low 
torques and where the two shafts are in fair alignment. 
Where it is desired to transmit higher torques (200 
to 300 kgm) and where parallel misalignment (up to 3 


mm or more) and a considerable degree of angular mis- 
alignment must be accommodated, the design shown in 
Fig. 3b, is recommended, in which solid-type links (1) 
and (2) are held by plates (6) and pivot around the hinge 
(5) in a bush (7). The ends of the links are free to move 
around pivots (4) in spherical bushes (3), connected to 
the driving member (8) and driven member (9). 


The Heat Treatment of Electroless Nickel Coatings 


ELECTROLESS nickel, a chemically deposited alloy of 
nickel and phosphorus, has a corrosion resistance in 
most environments equivalent to that of wrought nickel. 
The plating, which is amorphous in the as-deposited 
condition, is non-porous, even in very thin layers, and 
will cover intricate surfaces uniformly. The as-deposited 
plate consists of laminations parallel to the base metal, 
hardness being 500 to 600 DPH (Rockwell C-50 to 55). 

Although it is known that the nickel-phosphorus 
coatings are heat-treatable to high hardness, no work 
has been reported which relates various heat-treatment 
cycles with hardness. For this reason, the investigations 
described in this article have been made with a view to 
studying the response of electroless nickel coatings to heat 
treatment over a wide range of times and temperatures. 

Combinations of hardness and ductility best suited 
to a specific job are readily obtained by proper 
selection of the heat-treatment cycle. The effect of phos- 
phorus has also been evaluated over the range encoun- 
tered in commercial electroless nickel deposits. Samples 
included in the investigation were plated on mild steel 
and also on S.A.E. 52100 steel (containing 0-95-1-10”,, 
carbon, 0:25-0:45’, manganese, 1-30—1-60°,, chromium, 
0:20-0:35”, silicon, and up to 0-025”, each of phosphorus 
and sulphur). The samples were cut from larger discs to 
give a plated area of about 0-5 sq in., and phosphorus 
contents were first determined by wet chemical analysis 
and subsequently, as a result of the development of 
special techniques, by direct spectrography. 


Changes in Microstructure 

No changes in microstructure were observed in 
samples heat-treated below 750°F, although hardness 
increased from the as-deposited level to a peak of about 
1000 DPH. Above 750 F, precipitation and agglomer- 
ation could be detected. Agglomeration becomes pro- 
nounced with increasing temperature and time of heat 
treatment and is more rapid in coatings with a low 
phosphorus content. 

Photomicrographs have indicated clearly the change 
in structure which occurs when coatings containing 8-5°, 
Phosphorus are heated at various temperatures for 1 hr. 
Thus, the laminated structure of the as-deposited plate is 
still prominent after heat-treating at 750°F to obtain 
maximum hardening, whereas at 950 F the laminations 
are much less prominent and a precipitate appears which 
Starts to agglomerate at 1110 F, hardness dropping to 
725 DPH. Clearly resolvable particles are present in the 
microstructure at a temperature of 1380°F. 

A summary of the heat-treatment response of a coat- 
ing containing 8-5°,, phosphorus is given in Fig. 1, 
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covering times from 3 min to 2 hr in air in a thermo- 
statically controlled furnace. The very-short-time 
response of a series of samples containing 8-7%, phos- 
phorus was studied by heat treatment in a salt bath, and 
these data are summarized in Fig. 2. 


Mechanism of Hardening 


Electroless nickel is amorphous in the as-plated 
condition. Such a deposit might be expected to be struc- 
turally unstable and responsive to heat treatment, even 
at low temperatures. The approach to peak hardness in 
the first stage of heat treatment can be attributed to the 
establishment of an interim crystal lattice in the initially 
amorphous deposit. Only a small amount of atom move- 
ment is required to form this lattice from the amorphous 
structure, since no diffusion is required. At high temper- 
atures, the transformation is rapid. The transformation 
is exothermic, indicating an ordered structure. 
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Fig. |. The effects of heat treatment in air in a thermostatically 
controlled furnace on the hardness of an elc-troless nickel plate 
containing 8°5°,, phosphorus. 
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Fig. 2. Short-time response of a salt-bath heat treatment of an 
electroless nickel plate containing 8:7°,, phosphorus. 
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Fig. 3. Microstructure of a cast nickel alloy containing 9%, 
phosphorus. Etched in sodium cyanide/ammonium peroxide. 
( 


450) 


The high hardness of the newly established lattice 
arrangement is probably due to distortion caused by the 
non-equilibrium locations of the atoms of nickel and 
phosphorus. As heat treatment continues, atoms diffuse 
to more stable locations and hardness drops. Fig. 3 
shows the microstructure of a cast nickel alloy containing 
9% phosphorus. The continuous phase, i.e., the NisP 
matrix, is hard (about 760 DPH with a 25-gm indenting 
load) and brittle—a characteristic of intermetallic com- 
pounds. The dendritic phase (a-nickel) has a hardness of 
190 DPH, but this discontinuous phase, in both cast and 
plated samples, is harder than pure nickel (75 DPH). 

The diffuse halo pattern observed in X-ray reflection 
studies of the amorphous deposit gradually sharpens with 
low-temperature heat treatment as the interim lattice is 
formed. Nickel lines can be positively identified in the 
halo background after 15 min at 570°F. The X-ray 
identification of NisP in this structure is more difficult, 
because of a large number of other lines (probably 
higher phosphides). Lines identified as NisP intensify in 
samples heat-treated at 750°F, and the interfering lines 
become fewer and weaker in intensity with advancing 
heat treatment. Above 750°F, the halo pattern dis- 
appears rapidly. Evidence of grain growth in both nickel 
and NisP can be seen in samples heat-treated for an hour 
at 1110°F. 


Effects of Phosphorus 

Phosphorus does not seem to play an important 
part in the early response of electroless nickel to heat 
treatment. For example, when samples with three differ- 
ent phosphorus contents (7-2, 8-7, and 10-3°,,) are heated 
at 1110°F, all of them reach the same hardness peak 
(1000 DPH). After the peak has been reached, phos- 
phorus has a pronounced effect. Thus, a 2-hr treatment 
at 1110°F reduced the hardness of a sample containing 


100 


10:3°,, phosphorus from 100 to 790 DPH. In the same 
time, the 7-:2°,-phosphorus plate softened to 580 DPH. 

Softening occurring with prolonged heat treatment 
depends on co-precipitation and agglomeration of nickel 
and nickel phosphide from the pseudo-stable interim 
lattice, and the hardness of the coatings appears to be a 
function of the amount of hard NisP present. 

One of the drawbacks of electroless nickel coatings 
is the weakness inherent in the laminated structure. That 
the laminations can be eliminated by heat treatment and 
that they are more readily eliminated in coatings of lower 
phosphorus content, because of more rapid agglomeration 
of the constituent phases, are advantages of heat treatment. 


Ductility 


Early in the test programme it was difficult to obtain 
crack-free hardness indentations in the hard coatings. 
It was found that the indenting load required to crack the 
coatings is related to the hardness and phosphorus con- 
tent, and this correlation suggested that the load required 
to cause cracking could be taken as a measure of the 
ductility of the samples. For example, Fig. 4 shows 
ductility, as measured by the minimum indenter load 
required to cause cracking, as a function of phosphorus 
content, and indicates that, at a given hardness level, 
ductility decreases as phosphorus content increases. The 
degree of cracking under constant indenting load also 
changes with phosphorus content, cracking being found 
to be most severe in the case of samples with the highest 
phosphorus content. Thus, at equivalent hardness levels, 
nickel coatings of low phosphorus content are more 
resistant to chipping and shattering than those of high 
phosphorus content. 
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Fig. 4. The influence of phosphorus content on ductility. 


Work is continuing on coatings with phosphorus 
contents below 7°,,, with a view to obtaining high hard- 
ness without sacrificing ductility. Studies are also being 
conducted to determine the effects of variations in phos- 
phorus content and heat treatment on the corrosion 
resistance of the coatings. 
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The Behaviour of Liquid Dielectrics under 
Corona Discharge 


Most electrical insulation employed in general engineer- 
ing practice is structurally heterogeneous, i.e., it Consists 
of a combination of different insulating materials, such 
as mica and a binder, as used in conventional alternators, 
or paper and oil in high-voltage cables. If an alternating 
voltage is applied to such a heterogeneous dielectric, 
three basic classes of electric losses occur, i.e., (1) ohmic 
losses determined by the internal and surface resistances 
of the insulation, (2) relaxation losses determined by the 
dielectric polarization, and (3) ionization losses due to 
glow and corona discharges, if the dielectric contains 
voids and the field strength is sufficiently high to cause 
discharges to occur. This latter class of losses is of par- 
ticular importance in respect of high-voltage applica- 
tions. The general trend towards compressing more 
capacity into ever smaller space has necessarily led to the 
use of higher voltages and field stresses and has given 
added importance to the question of the corona resis- 
tance of liquid and solid insulating materials. 

As regards liquid dielectrics, especially in high-voltage 
cables, the problems posed by ionization losses have long 
been known. Micro-discharges in the gas contained in 
small cavities in the insulation produce energy carriers 
mainly electrons and ions—which collide with the mole- 
cules at the interface between gas and solid, producing 
excited molecules or radicals which, being reactive par- 
ticles, enter into secondary reactions with the ionized gas, 
depending on the nature of the gas. The phenomena 
taking place in such a cavity or gas bubble are very com- 
plex, since several transformations occur simultaneously, 
such as the dissociation of oil molecules into compounds 
of lower molecular weight, the formation of products of 
higher molecular weight by polymerization of radicals. 
and hydration and dehydration processes, all of which, 
being irreversible, give rise to changes in the dielectric 
properties of the insulation (Fig. 1). 
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Fig. |.} Variation in dielectric losses of an insulating oil as a 
result of corona discharge. 
(a) After 13 hr corona discharge. 
(b) After 64 hr corona discharge. 
(c) Initial condition. 


The deterioration of the insulation is mainly due to 
two processes, i.e., (1) the dissociation of gases, pre- 
dominantly hydrogen, causing an enlargement of the gas- 
filled cavities and hence an intensification of corona dis- 
charge, and (2) the formation of compounds which may 
be both polar and of high molecular weight and which 
either form true or colloidal solutions in oil, thus increas- 
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ing the dielectric losses, or else insoluble products which 
impede the free flow of the oil. 

Depending on the chemical composition of a hydro- 
carbon type of insulating oil, the gas formation resulting 
from corona discharge may differ from case to case. For 
this reason, the cable industry has developed specific 
testing methods to investigate what has been called the 
gas behaviour of insulating oils. These methods, includ- 
ing those devised by Pirelli, W6rner, and others, are 
essentially based on the use of a principle in which the 
field strength between the internal electrode and an 
external electrode is so chosen that a corona discharge 
occurs in the air space above the oil. The strongly in- 
homogeneous field causes mixing of the oil at the inter- 
face, providing favourable conditions for the reaction to 
take place. 
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Fig. 2. Manometer displacement as a function of time, i.e., 

gassing factor S, for two oils in a hydrogen atmosphere, show- 

ing (A) an oil with a positive gassing factor, and (8) an oil with 
a negative gassing factor. 

If the reaction takes place in a hydrogen atmosphere 
at a given temperature and field strength, two cases can 
be distinguished, as shown in Fig. 2. The gas behaviour 
is defined by the so-called “* gassing factor S *’ (a measure 
of change in pressure with time), and is expressed by S 
100 V/t, where V is the manometer displacement [cm*] 
and 7¢ is the time [min], using dibutylphthalate as the 
manometric fluid. 

An oil, such as oil A in Fig. 2, which releases the 
hydrogen so as to cause the pressure in the manometer 
to increase, is described as having a positive gassing factor 
and is considered unsuitable for use as an insulating oil 
for high-voltage installations and especially high-voltage 
cables, as distinct from oil B in Fig. 2, which has a nega- 
tive gassing factor. 

When air is used, instead of hydrogen, the results are 
more complex. Thus, oils with positive and negative 
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gassing factors initially show gas absorption (a pressure 
drop in the manometer), but subsequently, after reaching 
a well-defined inversion point, begin to release gas. The 
initial falling off of pressure is attributed to the formation 
of ozonides, and the subsequent pressure rise to the dis- 
sociation of these ozonides and the release of hydrogen. 
The difference in the behaviour of oils with positive and 
negative gassing factors is therefore not noticeable until 
after a certain interval of time, as shown in Fig. 3. 
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Fig. 3. Behaviour of an oil with a negative gassing factor in air- 


Since, in practice, air occlusions constitute the most 
frequent cause of corona discharges, gas behaviour is of 
particular interest when air is used, especially as regards 
the reaction products formed. An investigation into the 
gas behaviour of insulating oils in respect of different 
atmospheres was carried out at the Institute for Engin- 
eering Physics in Ziirich and, as a part of this investiga- 
tion, a series of experiments was carried out on different 
substances. 


Fig. 4. Corona-discharge 
apparatus for test substances. 

(1) Stopcock for drawing off 

gas. 

(2) Inner electrode. 4 
Reference mark. 
Outer electrode. 
Cock for introduction o 


test substances. 
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In these experiments, special apparatus, with concen- 
tric glass electrodes, as developed by Worner, but in a 
slightly modified form, was used (Fig. 4). The inner elec- 
trode (2) is filled with a concentrated solution of sodium 
chloride, and the entire apparatus is placed in a thermo- 
Statically controlled bath of saturated sodium chloride 
solution, forming the outer electrode (4). An operating 
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voltage of 16 kV results in field strengths in the gas space 
of 53 kV/cm at the inner electrode and 45 kV/cm at the 
outer electrode, and in the oil of 48 kV/cm at the inner 
electrode and 44 kV/cm at the outer electrode. 

From the calibrated initial volume, the density of the 
experimental medium, the atmospheric pressure before 
and after the experiment, and the measured pressure 
difference, the change in volume or displacement [cm*] 
can be calculated. 
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Fig. 5. Gas behaviour of test substances in air. 
(1) n-heptane; (2) cyclohexane; (3) benzene. 

As mineral insulating oils contain, depending on their 
origin and blending, three basic types of hydrocarbons, 
i.e., aliphatic, alicyclic or naphthenic, and aromatic 
compounds, simple hydrocarbons were chosen as test 
substances, these being normal heptane, cyclohexane, and 
benzene, which in many ways are similar to the three 
basic types. 

To test the reproducibility of gas behaviour with the 
apparatus used, tests were carried out with cyclohexane, 
the duration of the individual corona discharges being 
70 min, and it was found that there was adequate agree- 
ment, particularly with respect to the gassing factor S. 
The gas behaviour cf the three test substances in air is 
shown in Fig. 5. In order to eliminate the influence of 
nitrogen, analogous experiments were carried out with 
cyclohexane and benzene in an atmosphere consisting of 
80° argon and 20%, oxygen, the corresponding gas be- 
haviour being shown in Fig. 6. Analysis of the gas was 
effected with special apparatus which has the advantage 
of permitting relatively small volumes to be analysed 
without appreciable loss of accuracy and makes it possible 
to perform two analyses for every measuring point. 

In the tests on cyclohexane, both in air and in the 
argon/oxygen atmosphere, it was noted that, after some 
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time, colourless films of solid wax-like substances were 
deposited on the walls of the discharge space. No dis- 
coloration of the cyclohexane in the cell was observed. 
In general, there was considerable similarity between 
normal heptane and cyclohexane as regards their gas 
behaviour and the composition of the gas. 

In the case of benzene in air, small brown droplets 
formed on the walls of the discharge space, later turning 
into a brownish-black solid resinous film, while the ben- 
zene in the cell became of a brownish colour. In the 
argon/oxygen atmosphere, yellow wax-like films were 
formed in the discharge space, though to a lesser extent 
than in air, while the benzene in the cell became slightly 
discoloured, turning light-yellow. 

The pattern of the pressure drop (gas absorption) was 
very similar for all three test substances, and the gas analysis 
showed that the pressure drop was caused by oxygen 
absorption in the liquid dielectric, i.e., by oxidation. The 
formation of ozonides through ozone has already pre- 
viously been assumed by Wo6rner on the basis of investi- 
gations into the gas behaviour of oils, the aromatic com- 
ponents of the oil reacting to form ozonides. The gassing 
factor of an oil with a tendency to gas absorption is con- 
sidered to be the result of four simultaneously occurring 
reactions, as shown in Fig. 7, the reactions of the indivi- 
dual processes being (1) formation of ozone (pressure 
drop), (2) release of hydrogen (pressure increase), (3) 
formation and dissociation of ozonides (pressure drop 
followed by pressure rise), and (4) absorption of hydro- 
gen (pressure drop). 
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Fig. 6. Gas behaviour of cyclohexane and benzene in an atmos- 
phere of 80°, argon and 20°, oxygen. 
(1) Cyclohexane. (2) Benzene. 


The experiments on the test substances indicate, how- 
ever, a somewhat different mechanism of reactions. The 
initially rapid pressure drop is predominantly due in the 
case of normal heptane, cyclohexane, and benzene to 
oxygen absorption. Since this occurs in an analogous 
manner for all three substances and, furthermore, the 
Oxygen content of the gas space decreases continuously, 
oxidation by way of ozone/ozonide formation and dis- 
sociation into oxygen and carbonyl compounds, as pre- 
APRIL, 
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Fig. 7. Analysis of the gas behaviour in air of an oil with gas- 
absorbing tendencies. 


(1) Formation of ozone. 

(2) Release of hydrogen. 

(3) Formation and dissociation of ozonides. 

(4) Absorption of hydrogen. 

(R) Gas-behaviour curve. 
viously assumed, is improbable. The addition of oxygen 
presumably occurs, as in the case of reactions with ion- 
izing radiation, at activated points of the hydrocarbon 
molecule, or directly on radicals, the unstable peroxides 
dissociating into hydroxyl and carbonyl compounds. 

The behaviour of benzene under corona discharge is 
largely identical with the behaviour of aromatic hydro- 
carbons under ionizing radiation, the absorbed energy 
being distributed over the whole molecule. Although the 
energy of dissociation of a hydrogen atom (4-5 eV) is 
smaller than the ionizing energy (9 eV), ionization pre- 
ferentially occurs, owing to the distribution of the energy 
over all hydrocarbon compounds. Both in air and in an 
argon/oxygen atmosphere, the release of water is very 
small. It is known from the chemistry of radiation that, 
in condensing systems, exchanges of charges and excita- 
tion take place between molecules. In this way, an aro- 
matic hydrocarbon protects very much more sensitive 
components of the same solution from dissociation 
(hydrogen release) without itself being consumed. The 
aromatic system is not only able to take on the directly 
absorbed radiation energy, but also the energies of other 
substances present in the same system. The fact that 
insulating oils containing a certain proportion of aro- 
matic compounds show no or only a very small tendency 
to release gases when subject to corona discharges must 
also be attributed to this specific protective action. 

The pressure drop in air is also conditioned by the 
chemical reaction of the nitrogen, presumably via com- 
pounds of nitrogen and oxygen. The decrease of argon 
noted in the gas space can be attributed to physical ab- 
sorption in the liquid phase during gas absorption, since 
argon is again liberated during the gas release phase. 

The strong discoloration, especially in the case of 
benzene in air, and the increase noted in electrical con- 
ductivity and in dielectric losses point to a formation of 
strongly polar compounds. Also, in this case, the condi- 
tions are qualitatively similar to those obtaining when 
insulating oils are subjected to ionizing radiation in the 
presence of air. 

The conclusions derived from this investigation can 
be summarized as follows :— 

(1) In the gas behaviour of hydrocarbons in air, the 
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initial pressure decrease is caused by oxygen absorption, 
i.e., Oxidation, and to a lesser extent to chemical reac- 
tions with nitrogen. As soon as all oxygen has been taken 
up from the gas space, a pressure increase, i.e., gas release, 
takes place in the case of aliphatic and alicyclic com- 
pounds, the gas released consisting mainly of hydrogen 
and to some extent of hydrocarbons of low molecular 
weight. In the case of aromatic hydrocarbon compounds, 
however, no generation of hydrogen has been observed. 
The behaviour of aromatic hydrocarbons under corona 
discharge corresponds qualitatively with their behaviour 
under ionizing radiation. 

(2) In all cases, two types of reaction products are 
formed in the gas space, i.e., polar products (oxygen- and 
nitrogen-containing compounds) and unsaturated hydro- 
carbons, the latter being formed by hydrogen dissociation 


with aliphatic and alicyclic hydrocarbons. The com- 
pounds formed are either soluble in the dielectric con- 
cerned, depending on their molecular weight and com- 
position, or they are segregated preferentially at loca- 
tions of high field strength in the form of wax-like, usually 
discoloured, products which are partly insoluble in or- 
ganic solvents. Dissolved polar compounds have a dele- 
terious effect on dielectric properties. 

(3) Based on these experiments, it appears that, with 
hydrocarbon-type insulating oils, a positive gassing factor 
is possible only if a definite quantity of aromatic hydro- 
carbons is present. The stabilizing effect of these aro- 
matic hydrocarbons is most favourable when their con- 
centration in the gas space is a maximum, i.e., when their 
vapour pressure is higher than that of the other hydro- 
carbons present in the insulating oil. 


Core Models for Obtaining Electrical Data 
on Insulation Bushings 


By R. D. ALvorD 


From Power Apparatus and Systems (A.1.E.E.), U.S.A., 
No. 45, December 1959, 
pp. 1029-1032, 10 illustrations 


Most modern bushings made in the U.S.A. use oil- 
impregnated paper as the main insulation, and the 
voltage between line and earth is graded by means of 
conducting elements called equalizers, which are placed 
at predetermined intervals between line and earth, as 
shown schematically in Fig. 1. 
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Fig. |. Structure of a bushing core. 
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Various papers and equalizer patterns must be 
evaluated in order to obtain the best bushing design, but 
the testing of full-size bushings is not economically 
feasible, because of the large number of samples required 
for complete evaluation. Consequently, for such an 
evaluation programme, use has been made of * corettes *’, 
which are models of the cores of full-size bushings, in 
which the top- and bottom-end taper ratios 7/t (Fig. 1), 
the diameter ratios D/d, and the plate-length ratios A/a 
of the core models are equal to those of full-size bushings. 

This approach allows a more comprehensive evalu- 
ation of papers and equalizer schemes than would 
normally be possible if full-size bushings were tested. The 
use of corettes also allows bushing designers to choose the 
paper and equalizer scheme which gives the best balance 
with regard to dielectric strength, power-factor character- 
istics, and cost. 

In the corettes, the axial dielectric strength is pro- 
portional to the radial distance between equalizers and 
the paper thickness. The paper thickness and radial 
distance between equalizers are therefore not scaled down, 
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in order to avoid obtaining over-optimistic test results. 
For the purpose of carrying out tests, two types of 
corettes, wound on a miniature winding machine, were 
built. The first type was made with lined paper, as 
shown in Fig. 2, and the second consisted of five equalizers 
made either with a sprayed controlled-resistance material 
or copper foil, as shown in Fig. 3. The corettes were 
treated in a small tank by the method used to treat full- 
size bushings. 
Four types of Kraft paper were used in the con- 
struction of these corettes, as follows: 
Paper A: Unsized, high-water finish, 0-005-in. thick, 
0-95 to 1:05 density, used as a base for lined paper. 


Paper B: 0-004-in. thick, saturating 0°55 to 0-65 
density. 

Paper C: 0.004-in. thick, saturating 0-65 to 0:75 
density. 

Paper D: 0-004-in. thick, saturating 0-75 to 0:85 
density. 


Electrical tests were made to evaluate the following 
factors: 

(1) The effect of paper density and radial distance 
between equalizers on the 60-cps and impulse-break- 
down strength of sprayed equalizer cores. 

(2) The effect of the paper density of the sandwich 
layer on the 60-cps and impulse-breakdown strength 
of a lined paper core. 

(3) The effect of varying the sandwich paper 
thickness on the 60-cps and impulse-strength of a 
lined paper core. 

(4) The power-factor/voltage 
papers with different densities. 

All tests were made with the corettes completely 
immersed in transformer oil in a large tank. Different 
tanks were used for the 60-cps and impulse tests. The 
l-min step-by-step method of test was used during the 
60-cps breakdown tests, the voltage being raised in 5-kV 
increments, beginning at the corona-starting voltage. 

A negative-polarity 1-5 * 40-micro-second full wave 
was used during the impulse corona-starting voltage and 
breakdown tests. The voltage was raised in 10-kV incre- 
ments, beginning at the corona-starting voltage, for the 


characteristics of 


DIGEST 


THE ENGINEERS’ 











leve 


test 
as f 


wit! 
equ 


doy 
izer 
1St 
spr. 
ma 
der 
hig 
pul 
The 
as 

wit 
me 
hac 
stre 
cor 
whi 
inst 


cha 
mai 
dur 
bel 


inf 
Sys! 


Sin 
cep 


sid 


dev 
bee 
dos 
par 
dey 
suc 
hig 
as 

wa 
in 


flui 


stu 
dey 


AF 





m- 
On- 


yca- 
ally 

or- 
ele- 


vith 
ctor 
dro- 
aro- 
son- 
heir 
dro- 


ults. 
s of 
were 
me 
izers 
erial 
were 


full- 
con- 


hick, 
aper. 
0:65 


0:75 
0:85 
wing 


tance 
reak- 


iwich 
ength 


paper 
of a 


sof 


letely 
ferent 
The 
ig, the 
5-kV 
ige. 
wave 
e and 
incre- 
or the 


jE St 











— 


breakdown tests. Three 
waves were applied at each 
level, and radio noise and/ 
or corona measurements 
were made during all tests. 

The results of these 
tests can be summarized 
as follows :-— 

An equalizer pattern 
with 9 turns between 
equalizers was superior on 
60-cps and impulse-break- 
down strength to an equal- 
izer pattern with 12 and 
15 turns between equalizers, 
sprayed equalizer corettes 
made with the _ highest- 
density paper D having the 
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highest 60-cps and im- (SANDWICH LAVER) 
pulse-breakdown strengths. Fig. 2. Lined paper core model. 
These strengths, insofar 


as lined paper corettes and sprayed equalizer corettes 
with 9 turns are concerned, were comparable. The 
medium-density paper C and the high-density paper D 
had about the same 60-cps and impulse-breakdown 
strengths when used as sandwich papers in lined paper 
corettes, and these values were not appreciably affected 
when using a sandwich paper of 0-008 in. thickness, 
instead of 0-004 in. thickness. 

All papers had relatively flat power-factor/voltage 
characteristics, papers C and D exhibiting approxi- 
mately equal values of power factor. Corona monitoring 
during tests showed that there was no damaging corona 
below either the 60-cps or impulse-voltage withstand- 









COPPER FOIL 


EQUALIZER 


Fig. 3. Copper-foil or sprayed 
equalizer core model. 


levels. The tests also indicated an adequate factor of 
safety between the withstand-voltage levels and the 
breakdown-voltage levels. All corettes failed axially 
from line to earth during the 60-cps and impulse-break- 
down tests. 

It is concluded from these tests that basic data can 
be obtained by means of these inexpensive corettes or 
core models, with the advantage that better statistical 
significance is possible at a comparatively small cost by 
using a larger number of samples to establish correlation. 
Also, the time required to produce these corettes 
is short, so that any new material can be evaluated 
quickly. 


Radiation-Resistant Fluids and Lubricants 
By W. L. R. Rice, D. A. Kirk, and W. B. CHENEY, JR. 


RADIATION-RESISTANT lubricants are of major importance 
in portable nuclear systems, particularly in extraterrestrial 
systems, where shielding weight must be kept to a mini- 
mum and radiation doses are correspondingly high. 
Since organic fluids and lubricants are especially sus- 
ceptible to radiation damage when under thermal stress, 
both thermal and radiation environments must be con- 
sidered. 

Materials of outstanding capability have already been 
developed. Thus, solid-film lubricants and greases have 
been obtained which remain functional at high radiation 
doses and high temperature levels. Also, base fluids, 
particularly the meta-linked polyphenyl ethers, have been 
developed and show promise in numerous applications, 
such as lubrication and heat transfer, at temperatures as 
high as 800 to 900°F and at radiation exposures as high 
as 10'' ergs/gm carbon. Development efforts now under 
way are expected to produce operational capabilities far 
in excess of those at present available with conventional 
fluids and lubricants. 

Both greases and solid-film lubricants have been 
studied by a number of organizations, while general fluid 
developments have been outlined in several reports and a 
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comprehensive survey has been made of fluids for use in 
nuclear reactors. In addition, work on fluids forTuse in 
extreme-temperature systems is in progress, the evaluation 
of fluids and lubricants under dynamic conditions in the 
presence of gamma radiation has been undertaken, and a 
fundamental study of the effects of high-intensity radia- 
tion on changes in chemical composition is being con- 
ducted. 


Solid-Film Lubricants 


Solid-film lubricants generally consist of a finely 
divided solid, such as graphite or molybdenum disulphide, 
affixed to the bearing surface by a resin bonding agent. 
Other types, often used in conjunction with liquid lubri- 
cants, incorporate the lubricating material in a sintered- 
metal matrix or employ high-carbon-content alloy 
bearing surfaces to support some degree of self-lubrica- 
tion. Solid-film lubricants are designed to require no 
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maintenance and last the lifetime of the bearing surface. 

Although it is true that a number of solid-film lubri- 
cants show an improvement in wear life over a wide range 
of exposures to gamma radiation, it should be noted 
that the effect can vary from film to film and that gamma 
radiation alone can play a vastly different role from that 
of mixed reactor radiation. Thus, tests on one film have 
shown a marked improvement in wear life when sub- 
jected to reactor exposure but a considerable reduction 
in wear life after exposure to gamma radiation. Solid- 
state characteristics, which are more critical under neutron 
bombardment, undoubtedly play an important part in the 
change in wear life. 

Wear-life tests conducted at —65°F indicate that solid 
films should have unlimited low-temperature applic- 
ability. Present resin-bonded films are usable up to about 
500°F, with a probable radiation tolerance of 10!! to 10!” 
ergs/gm carbon. For higher temperatures and dosages, 
the metal-matrix type now under development is probably 
the most likely candidate. Estimates of usable life 
indicate a possible temperature tolerance up to 1000°F. 


Greases 


Until recently, the primary drawback to the develop- 
ment of a good high-temperature grease has been the base 
fluid. Thickeners have been available for several years 
which possess thermal stability in excess of any usable 
base fluid. The high-temperature greases formulated to 
date generally use silicone fluids, but although they 
possess wide liquid range, low volatility, and high tem- 
perature stability, the silicone fluids generally have poor 
radiation stability and marginal lubricity. This has 
prompted research for the purpose of developing greases 
of greater radiation stability. 

Of the radiation-resistant greases developed to date, 
the terephthalamate-thickened alkyl diphenyl ethers are 
the most promising. These greases are usable at temper- 
atures between —30° and +-350°F and at radiation dos- 
ages exceeding 7 x 10!° ergs/gm carbon, based on tests 
following static irradiation. 

Dynamic evaluation of greases in the presence of 
gamma radiation is now under way, including tests on 
four commercial greases, i.e., a soap-thickened mineral- 
oil composition, an  arylurea-thickened  silicone-oil 
grease, a copper phthalocyanine-thickened silicone-oil 
grease, and a dye-thickened silicone-oil grease. The data 
on these greases are incomplete, but it is already evident 
that operation at temperatures as high as 600°F is possi- 
ble, even in the presence of gamma radiation. Thus, 
while tests with these greases in bearings operating at 
10,000 rpm showed that the bearings failed comparatively 
quickly with the soap-thickened mineral-oil grease (with 
and without gamma radiation), the silicone-oil greases 
gave markedly improved results. For example, with the 
arylurea-thickened grease and a test temperature of 450°F, 
the bearings were operated for nearly 600 hr without 
gamma radiation before failure occurred and up to about 
320 hr with a gamma radiation of 1-44 = 10!° ergs/gm 
carbon. The copper phthalocyanine-thickened grease 
did not give equally satisfactory results, but the dye- 
thickened grease, at a test temperature of 600’F and with 
a gamma radiation of 8-8 x 10° ergs/gm carbon, enabled 
one bearing to be operated for about 200 hr before 
failure occurred. 

The outlook for the future is very promising. With the 
availability of the high-temperature polyphenyl ethers, 
base fluids are now available which show outstanding 
thermal and radiation stability, while greases should be 
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available in the very near future which will allow extended 
operation at temperatures as high as 800°F and down to 
about 0°F. 


Fluid Development 


The success or failure of greases, hydraulic fluids, 
engine oils, and lubricants depends primarily on the cap- 
abilities of the base fluid. In the various applications, 
fluid shortcomings have previously been overcome with 
additives; for example, for hydraulic fluids, viscosity.’ 
index improvers with small amounts of oxidation inhibi- 
tors, metal deactivators, or antifoamants are used. 

Under high-intensity radiation, base-fluid additives 
rapidly lose their effectiveness. As a result, research 
efforts have been devoted towards tailoring a molecule 
with the necessary stability to oxygen, temperature, and 
radiation without the incorporation of additives. The 
result of this work has been the establishing of a sound 
foundation of information on the polyphenyl ether fluids. 

The all-meta isomers of the polyphenyl ethers com- 
prise a series of great versatility, and such isomers are 
available which satisfy requirements for low melting point, 
low volatility, a range of viscosities, and high-temperature 
operation. 

As an example of the overall promise of the poly- 
phenyl ethers, it is possible to compare the compound 
m-bis(m-phenoxy-phenoxy) benzene with a typical jet- 
engine oil in current use by the U.S. Air Force. The ether 
has a useful temperature range almost 200°F greater than 
that of the jet oil, with an upper temperature limit almost 
300°F higher. It has only 4°,, of the volatility of the engine 
oil and forms only 1° as much coke at 800°F. The oxi- 
dation stability of the ether is over 1000 times greater 
than that of the engine oil—a significant advantage in 
extreme-temperature jet-engine operation. Furthermore, 
the ethers are stable to radiation exposures from five to 
ten times greater than those which the engine oil can 
tolerate. 

The single class of compounds that appears to be 
competitive with the polyphenyl ethers appears to be the 
chain-type polyphenyls, such as meta-terphenyl, etc. 
These compounds have oxidative, thermal, and radia- | 
tion stabilities equivalent to those of the polyphenyl 
ethers and are at present far cheaper to produce. Their 
drawbacks, however, override their cost advantage and 
reduce their utility as wide-temperature-range lubricating 
fluids, as these polyphenyls are extremely poor in lubricity 
and have much higher melting points. 

The radiation stability of aryl ether compounds shows 
considerable promise. The thermal properties of certain 
of these ethers have been investigated to determine their 
usability in a radiation environment. Diphenyl ether, 
1,4-diphenoxybenzene, and bis(p-phenoxyphenyl) ether 
have been tested, 3-kg samples of each being irradiated 
in a 3-MeV Van de Graaff generator under a nitrogen 
atmosphere with a total dose of 1 » 10!! ergs/gm carbon, 
using a beam current of 1000 pA with a 10-in. scan. 

The results of these tests showed that molecular 
weight (ebulliscopic) increased somewhat with irradia- 
tion, the elemental analyses indicating little change. The 
melting and boiling points of the compounds were re- 
duced, while their viscosity and vapour pressures were 
increased. These changes indicate the formation of pro- 
ducts of higher molecular weight, as well as more vola- 
tile constituents as a result of irradiation. Coke forma- 
tion increased considerably for all irradiated compounds, 
but was less severe in the case of compounds of higher 
molecular weight. 
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ANOTHER ENGINEERING ADVANCE 
FROM BRISTOL SIDDELEY 


Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90%, and they can operate within a tempera- 
ture range of —52° C to 400° C without lubrication, and 
up to 170° C when lubricated. 


Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power 
required for actuation by as much as 80°,, when con- 
verting rotary drive into linear output or force input 
into torque output. By eliminating backlash, with pre- 
loading, they give precise control over very small incre- 
ments of motion and a high response frequency. And 
when compared to conventional screw mechanisms, 
they provide a predictable operating life which is much 
longer, require much less maintenance and give more 
trouble-free operation. 


Basic design application analysis 

Bristol Siddeley engineers make an exhaustive analysis 
of each specification. And each unit is specially designed 
for its particular application. Beaver ball screws are 
made with controlled 


automatically reversible or 
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Beaver 
pre-loaded ball screws have been proved as the most 


‘“no-back,”” with multiple or single circuits. 
efficient method of converting rotary into linear thrust 
in over 2,700 engineering applications in many branches 
of industry. They have been designed already with rated 
operating load capacities of 370,000 Ib (825,000 lb 
maximum static load) but the maximum potential 
operating load is, in most cases, limited only by the 
requirement. 


se ea a a 
| Bristol Siddeley Beaver ball splines have | 
| been developed to eliminate the disadvantages 
| of conventional splines. The designs are very | 
| effective in minimising friction, particularly when 
| high torsional and bending loads are imposed l 
| during linear movement. | 


*C'omplete technical and manufacturing co-operation with 
Beaver Precision Products Inc, Detroit. 


For further information please write to: 

J. B. STARKY, SALES MANAGER (BEAVER PRODUCTS 
DIVISION), BRISTOL SIDDELEY ENGINES LIMITED 
PO BOX 17 COVENTRY, ENGLAND 
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British Industrial Developments 


Automatic Conveyor System for 
Glass Lamp-Bulbs 


As announced by the General Electric Co. Ltd., of 
London, W.C.2, a new system of automatic conveying of 
glass lamp-bulbs has been installed at the Osram Lamp 
Works, Wembley. The system is capable of carrying 
20,000 bulbs per hour from the ground floor of the 
factory to the top floor, where the lamps are made, 
involving a distance of 250 ft and saving labour and 
space, as well as cutting down breakages. 

As a first stage, the conveyor system has been de- 
signed to serve ten production groups for general-lighting 
service lamps at Wembley. Each group is fed with the 
bulbs to be used in making lamps, and the handling of 
them has. in the past, involved a great deal of manual 
labour. Thus, they were first unloaded from cartons, 
fitted into trays, and washed and dried, after which they 
were taken by trolley and lift to the production group. 
Finally, they were imprinted on the crown with the lamp 
rating, etc., requiring a total of four separate manual 
operations, each necessitating many operators. In the 
new system, however, an operator first unpacks, inspects, 
and loads the bulbs into trays. The bulbs are then not 
touched by hand again until made into lamps. 





Fig. |. 


On the lower floor, trays are placed on ramps sloping 
down towards an overhead conveyor unit (Fig. 1). 
There are ten ramps, each associated with a machine 
group on the production-floor above. Hangers on the 
conveyor pass in front of these ramps, every tenth hanger 
feeding one particular group, and, at the correct instant, a 
Pneumatic lift, triggered by the control system, raises the 
tray from the bottom of its ramp and places it in position 
to be taken up by its hanger. The hanger carries the tray 
to the upper floor, where another control trip deposits 
the tray on a transfer unit at the right production group, 
APRIL, 
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Fig. 2. 


the same hanger taking off an empty tray and returning 
it to the lower floor for reloading. In this way, the bulbs 
required on a particular group are loaded onto the 
appropriate ramp downstairs, and are delivered only to 
the group for which they are intended. Thus, although 
each group may be using different bulbs, all of which are 
carried on the one conveyor, they are automatically dis- 
tributed to the correct group. Fig. 2 shows a tray of 
bulbs arriving at the unloading unit feeding one of the 
production groups. 

A full tray accepted by a machine group carries 54 
bulbs in rows of 9 bulbs. The tray rolls down another 
ramp, and the bulbs are removed row by row to a 
transfer unit, where they are first stamped by an auto- 
matic printing machine. They are then washed internally 
by clean hot water, dried by warm compressed air, and 
finally loaded onto a sealing-in machine, where they 
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meet the other components required to produce tinished 
lamps. A general view of the automatic imprinting and 
washing plant is illustrated in Fig. 3. 

The conveyor feeds bulbs to the groups at a slightly 
faster rate than required, so that a group never has to 
wait for supplies. When the production group has as 
many bulbs as it can cope with, a control system is so 
arranged that the next full tray is not deposited from the 
conveyor, but carries on and is eventually brought round 
again for acceptance. This would also happen if the 
machine group were stopped for any reason. Besides 
saving labour and space and reducing the number of 
broken bulbs, the system has another important advan- 
tage, in that clean, hot bulbs arrive at the processing 
machines. As a result, there are no troubles with dirt 
and condensation on the inside of the glass, as occurred 
previously when the washed and dried bulbs were stand- 
ing around waiting delivery by hand. 


Precision Universal Grinding 
Machine 


Although of French design, the new M.S.A.-300 
precision universal grinding machine is manufactured 
only in the U.K. for home sales and export, including 
France, by Chambon Limited, of London, W.6. The new 
machine, which is of exceptionally rigid construction, 
combines precision and versatility with easy manipulation 
to facilitate change-over to different types of grinding, 
independent workheads being available for cylindrical 
grinding, for tool and cutter grinding, and for hobs and 
spiral cutters. 

Both the longitudinal and transverse movements are 
hydraulically operated and are infinitely variable in 
speed, with the added advantage on the transverse move- 
ment of rapid retraction from the workpiece for checking 
purposes, followed by a rapid return to the original 
position, as governed by a dead-stop. The transverse 
carriage is fitted with long guides and supports the 
column, which pivots around its vertical axis. The wheel- 
head is mounted on the column in prismatic slides and 
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moves in a vertical direction, while the wheel spindle can 
be rotated about its horizontal axis. Consequently, the 
grinding wheel can be positioned to fulfil any require- 
ment. A further feature of the machine is a micrometer 
diamond dressing attachment for internal grinding. This 
attachment permits the grinding wheel to be dressed to a 
preset dimension, after which it can be returned to its 
original position by a feed indicator. 


“Poly-V”’ Belt Drives 


Originally introduced in 1954 by Raybestos-Man- 
hattan Inc., of Passaic, N.J., the “* Poly-V *” belt drive 
has now been introduced into the U.K. by Turner 
Brothers Asbestos Ltd., of Spotland, Rochdale, Lancs., 
a member of the Turner and Newall Organization. Incor- 
porating the best features of V-belt and flat-belt drives, 
the “ Poly-V*’ drive makes it possible to obtain an 
increase in drive capacity up to 50%, and, at the same 
time, to achieve simplified installation and maintenance 
and a marked reduction in vibration problems. 





The concept of the “ Poly-V”’ drive is extremely 
simple, the belt being, in effect, a flat belt with a series of 
parallel V-shaped ribs moulded on its inner surface. 
These ribs form the driving surface of the belt and com- 
pletely fill mating grooves on the pulleys, there being no 
clearance between the two. An important benefit result- 
ing from this arrangement is that the load-carrying 
member extends across the full face of the drive, unlike 
the multiple V-belt drive, where part of the total drive 
width available is wasted by the space between belts. In 
addition, the grooved inner face of the belt has about 
twice the surface area in contact with the pulleys, com- 
pared with a multiple-belt drive of similar width. These 
two principal features mean that the drive can transmit 
the same load in less space or a greater load in the same 
space as a multiple-belt drive. 

Essentially, the * Poly-V”’ belt consists of a top 
cover, an uninterrupted strength member extending the 
whole way across the width of the belt, and a base portion 
containing the series of longitudinal V-ribs. The belt 
runs in specially grooved pulleys, and its ribs fill the pulley 
grooves completely during embrace. The belt is made 
from synthetic-rubber compounds and thus has the heat- 
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and oil-resisting properties of high-quality V-belts. The 
strength member is made from high-tenacity synthetic 
cords of great strength and resilience to shock, the cords 
being specially treated to secure the maximum amount 
of adhesion between the cords and the body of the belt. 
The base rubber is softer than that normally employed 
in V-belt construction, allowing it to act somewhat like a 
hydraulic fluid, completely filling the pulley grooves 
during belt embrace and exerting an even pressure all 
over the rib face, thereby securing uniform belt and 
pulley wear. The rib faces are provided with cover cloths 
or, in the case of the smallest belts, with special com- 
pounds containing a high proportion of fibre. 

A further important advantage of the new drive is 
its versatility and simplicity of installation. Thus, these 
belts are made in only three basic profile sizes, known 
respectively as J-section, L-section, and M-section belts, 
with respective rib widths of 4, *, and 3 in. and a 
V-angle of 40 deg. in each case. Of these sizes, the L- 
and M-section belts between them cover the entire range 
of power transmission at present covered by five different 
conventional multiple V-belt sections. Atypical 
application is illustrated and shows an M-section belt, 
9 in. in width and with 24 ribs, which has been used to 
replace ten D-section V-belts on a diesel-alternator drive, 
resulting in a saving of about 40°,, in pulley width. 

The J-section belt is chiefly intended for use on light 
drives where single V-belts are normally used, though it is 
anticipated that it can also replace a substantial proportion 
of two-belt and three-belt drives equipped with standard 
V-belts or V-form link belts in the machine-tool and other 
general-engineering industries. In this connection, it 
should be noted that the J-section belt has extreme 
flexibility and offers marked freedom from vibration 
characteristics which oversome problems associated with 
many small drives. In machine-tool drives, for instance, 
the smoothness of the drive, which eliminates the 
vibration experienced on other belt drives, also avoids the 
creation of chatter-marks on workpieces. 


Automatic Heat Treatment of 
Bearing Rollers 


The fitting of roller bearings to goods rolling stock as 
part of the British Railways modernization plans has led 
to the installation of new heat-treatment plant at the 
East Works, Daventry, of British Timken. The plant is 
arranged as a continuous production line in which 
“ Efco *’ furnaces automatically harden and temper the 
rollers after deep gas carburizing. The line includes a 
shaker-hearth furnace with quench tank and electrically 
operated charge elevator, an endothermic atmosphere 
generator, and a mesh-belt conveyor furnace, all manu- 
factured by the Electric Resistance Furnace Co. Ltd, of 
Weybridge, Surrey. Between the quench tank and the 
mesh-belt furnace there is an * Efco *’ washing machine 
designed and manufactured by the Electro-Chemical 
Engineering Co. Ltd. With the exception of the quench 
tank and control gear, the production line is installed 
on an overhead platform, conserving floor space and 
allowing the quench tank to be accommodated beneath 
the hardening furnace without excavations. 

The rollers to be heat-treated are carried by an electric 
elevator (seen in the foreground of Fig. 1) into a hopper 
which feeds them onto the oscillating hearth of the 
hardening furnace. This hearth, 18 in. wide, is made of 
nickel-chromium and is actuated in one direction by an 
electric motor driving an operating cam, and in the other 
APRIL, 
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Fig. |. 

by a spring return mechanism. The operating frequency 
can be adjusted to vary the speed of travel of the parts 
through the furnace and to allow heating times up to one 
hour. The rollers enter the furnace chamber through a 
short heat-insulated vestibule fitted with a fume-removal 
hood and having a vertically rising door to allow adjust- 
ments to be made to the height of the furnace entrance. 
This chamber is 8 ft long and is heated by electric radiant 
tubes. The elements, which are positioned above and 
below the hearth, can be withdrawn quickly and easily 
from one side of the furnace without having to close 
down the furnace, and are arranged in three independently 
controlled zones, each having its own automatic indicat- 
ing controller. The temperatures are recorded on a three- 
point instrument. The shaker-hearth furnace, which 
provides temperatures up to 950° C. and has a total 
rating of 63 kW, is supplied with a controlled atmosphere, 
produced in an “ Efco’’ generator, to keep the rollers 
free from decarburization. 





Fig. 2. 

The heated rollers leave the furnace by a discharge 
chute and, to ensure quenching from the full hardening 
temperature, immediately enter an oil weir on the chute 
itself. The oil pumped to the weir travels with the rollers 
into the quench tank, which is an independent and self- 
supporting unit fitted with overflow and oil-circulating 
connections. An electrically operated elevator having an 
endless, perforated, steel conveyor belt fitted with cross 
flights carries the quenched rollers to the washing 
machine. Here, in a single-stage gas-heated machine, 
the quenching oil is removed with a hot detergent spray. 
The machine is fitted with a wire-mesh conveyor belt, 
from which the cleaned rollers pass down a chute to be 
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P to-date machinery. Careful heat-treatment and inspection are equally | 
essential in maintaining the consistently high standard of DORMER 
Tools. 
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With correct use, a DORMER Drill 
of |” diameter, in its lifetime on 
general purpose work, will remove 
2,800 times its own weight in material 
(over |} tons), and drill a total length 
of hole five hundred yards long! 
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distributed evenly by guide rails onto the conveyor of the 
tempering furnace. 

In the tempering furnace the rollers are heated by the 
forced circulation of an air flow, directed with baffles 
from a fan in the roof, over heater banks and through 
the chamber, which is 20 ft in length. The furnace has a 
double casing enclosing the heat insulation, and the 
heater banks, consisting of nickel-chromium wire spirals 
on frames, are also mounted in the roof. Temperatures 
are automatically controlled with a two-point instrument. 
The tempering furnace, which normally operates at 
160°C, but which can supply temperatures up to 300°C, 
is rated at S50 kW. This furnace can be seen at the left of 
Fig. 2, with the control panels mounted on the floor 
beneath the overhead platform. 

The complete installation was designed to provide a 
minimum output of 100 Ib of }-in. diameter rollers per 
hour, including a soak period of one hour. Without this 
soak period, the output of rollers is 200 lb per hour but, 
for a different type of product, could be as high as 300 Ib 
per hour, depending on size-to-weight ratio, etc. 


Universal Roll-Seam Welding 
Machine 


The mass production of drums and tanks, or the 
fabrication of certain sheet-metal sections, requires the 
use of seam-welding machines which are both rapid and 
reliable in operation, and the SAGU 125 air-operated 
universal roll-seam welder, now being produced in the 
U.K. for the first time by Electro Mechan-Heat Limited, 
of Kingston-upon-Thames, has been designed with these 
Tequirements in mind. An interesting feature of this 
Belgian-designed machine is the siting of the motor on 
top of the upper arm, the drive being transmitted by a 
vertical shaft and gearing through the air cylinder and 
welding head to the upper electrode. This compact 
arrangement of the drive unit, air cylinder, and ancillary 
controls obviates the array of external shafting, gear- 
boxes, and knurl drives encumbering a seam-welder in 
which the motor is in the main structure of the machine. 

The SAGU 125 machine can be adjusted for circum- 
ferential or longitudinal seam welding simply by rotating 
the upper head through 90 deg. in either direction, and 
exchanging the lower arm extensions. The vertical shaft 
is driven from a 3-phase Kopp variable-speed gear 
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developing 0-5 hp at 1000 rpm, a reversing switch per- 
mitting circumferential welds to be made clockwise or 
anti-clockwise, as required. The shafts on which the 
upper and lower rollers are mounted revolve in ball- 
race and needle-bearing assemblies, ensuring reduced 
friction, as well as numerous line contacts for current 
transfer. The motor can be set by means of a variable- 
speed unit to run at 310 to 2800 rpm, giving linear feed 
rates of 23 to 258 ipm between the electrodes. 


High-Speed Double-Blow 
Cold-Heading Machines 


It is announced by the Rockwell Machine Tool Co. 
Ltd., of London, N.W.2, the sole selling agents in the 
U.K., that Maschinenfabrik Peltzer & Ehlers, of Krefeld. 
Germany, have extended their range of cold-forming 
machines by the recent introduction of six high-speed 
double-blow cold-heading machines, capable of hand- 
ling materials from ;; to 2 in. in diameter. The machine 
illustrated is the model-DKP/S6, which is driven by a 
74-hp motor mounted in the machine base and which 
can produce bolts or similar components with a maxi- 
mum shank diameter of } in. and a length of | in. ata 
rate of 200 pieces per minute, the motor being coupled 
to an infinitely variable speed drive providing speeds 
between 320 and 1425 rpm. 





In these machines, power is transmitted to a large- 
diameter heavy flywheel, which is equipped with an effec- 
tive foot-brake for stopping the machine quickly after 
the motor has been switched off. The material is taken 
from the coil through adjustable rollers on the straighten- 
ing device by power-driven feed rolls which are provided 
with a quick-acting pressure release. After being cut off 
to the required length, the blank is transferred to the 
heading position, where the preforming punch pushes it 
into the die before exerting the full force of its blow. 
Simultaneously, the whole or part of the shank can be 
extruded to the diameter required. During the next 
revolution of the crankshaft the finishing punch moves 
into position in front of the die and completes the head- 
ing operation by a single blow. The blank is then ejected 
from the die, an air jet assisting its downward travel to 
the chute, from which it falls clear of the machine. A 
pressure-lubrication system delivers oil to all the necessary 
points, surplus oil being caught in a large tray contained 
within the machine base. The position of the punch 
block carrying the preforming and finishing punches 
is easily and quickly adjusted, and resetting of the 
machine for different wire diameters can be effected within 
a very short time. An inching button is included in the 
electrical controls to facilitate setting and adjustment. 
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There is a tide in the affairs of every business. There 
comes a moment when you must expand if you’re to 
keep pace with your competitors. That’s where UDT 
comes in. UDT helps you replace old equipment, add 
new, out of income. Which often means it pays for 
itself out of increased profits. A nice businesslike way 
to do business. If you think UDT could help you, get 
in touch with the Manager of your nearest UDT office— 
the address is in your local directory. 
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Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns are regularly 


included in condensed form in this section. 


Subscribers may obtain photostat copies of all original articles at cost. 


Power, Flow, and Pressure Measurements in Pump Testing 


THE accurate assessment of pump performance is becom- 
ing increasingly important to both manufacturer and user, 
and, although it is well recognized that pump performance 
figures are always conditioned by the installation, measur- 
ing equipment, test procedure, and interpretation of 
readings, the true measure of the various effects is not so 
generally appreciated. This paper is an attempt to examine 
systematically each of these factors and, in order to 
provide reliable information about the advantages and 
limitations of various test methods, is based entirely on 
results gained by experience under laboratory conditions 
at the National Engineering Laboratory or from sources 
to which direct access was available. 

Consideration is given both to experimental pro- 
cedure and to the interpretation of results and, since it 
has been found that pump performance can be markedly 
influenced by installation conditions, some typical 
effects are examined. The main conclusions drawn from 
experience of pump testing under laboratory conditions, 
where facilities have been available for investigation 
of doubtful measurements and apparently unusual per- 
formance, may be summarized as follows: 

(1) Where accurate assessment of performance in 
service is essential, great care must be taken in plan- 
ning the test installation, and it may be necessary to 


By L. YounG and R. A. Nixon 
From a paper presented at a meeting of 
The Institution of Mechanical Engineers, London, 
March 9, 1960, 10 pages, 11 illustrations 


simulate in detail the intended service instailation. 

(2) Flow measurement usually presents the greatest 
problem, and precautions must be taken, even when the 
highest accuracy is not required, since gross errors can 
be produced by unsuitable installation or choice of a 
meter. 

(3) The measurement of pump power input by 
electrical metering of the power supplied to the driving 
motor may give rise to substantial errors, even where 
highly accurate electrical instruments are used. 

(4) The careful interpretation of measurements 
(particularly of pressures) is as important as care in 
making the measurements. The provision of extra 
pressure tappings in the test circuit to aid analysis is 
often well worth while. 

(5) The use of a standardized test arrangement may 
give useful comparisons between the performance of 
different pumps under the standard conditions, but does 
not necessarily give a true indication of performance in 
service, particularly at ‘* off-design *’ conditions. 


Spectrum Fatigue Tests on Typical Aircraft Wing Joints 


GENERALLY, a true representation of the random loading 
conditions prevailing in service can be fully accomplished 
only on structurally unrepresentative specimens, which, 
however, by reason of their simplicity and small size, 
enable large numbers of tests, suitable for statistical 
evaluation, to be made. The other extreme tends towards 
the complete full-scale structure, when usually only a 
single test is economically feasible because of the excessive 
time and cost involved. Not only is. statistical 
information excluded from such work, but the possi- 
bilities for simulating the true service loading are also 
considerably curtailed. The value of such tests for check- 
ing the validity of detail testing and for finding weak 
areas is not disputed. 

This paper describes tests aiming at a sufficiently 
close simulation of the service loading applied to full- 
scale aircraft component assemblies, i.e., wing joints, in 
which substantial structural interactions can be repre- 
sented and/or which, by their liability to fatigue failure, 
are critical in determining the fatigue strength of the com- 
plete structure to which they relate. For such tests, if 
Properly planned, it is practicable to use a sufficient 
number of specimens to yield information relevant to 
service behaviour, with an economy in overall effort and 
expenditure. 

As described in this paper, the relationship is investi- 
gated between lives estimated by the aircraft industry’s 
APRIL, 
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By T. HAAS 
From Materialpriifung, Germany, 
Vol 2, No. 1, January 1960, 
pp. 1-17, 24 illustrations 


standard method based on tests at a constant stress 


amplitude considered to be the ** most damaging *’ and 


those obtained purely experimentally by spectrum load- 
ing. The advantages of the latter method are established 
as they concern, in different ways, the * safe-life ** and 
* fail-safe *’ types of structure, although the distinction 
between these two terms is shown to be somewhat arti- 
ficial and inconclusive. The results of spectrum fatigue 
tests are summarized, mainly in connection with aircraft 
wing-joint specimens as used in the furtherance of design 
development and airworthiness objectives, and not in 
connection with a planned research project. For this 
reason, owing to the cost of the specimens, the numbers 
tested are necessarily kept low, but still enable some use- 
ful statistical inferences to be drawn. The results also 
point towards the fundamental issues that remain to be 
solved by research. Particular attention is paid to 
peculiarities of the fracture surface resulting from spec- 
trum loading and to the effect of varying load sequences 
on crack propagation, and the information obtained on 
crack propagation is utilized for monitoring the opera- 
tional-life stages of the structure. 
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Mr. W. H. Homan-Berry, 
Austin’s assistant chief 
planning engineer says: 


“REGAL OIL (R & 0) 
BY ITS CONSISTENT 
HIGH QUALITY 
MEETS OUR NEED 
FOR COMPLETE 
DEPENDABILITY 
WHICH IS 
ESSENTIAL IN THIS 
KIND OF WORK” 


The Crankshaft Oil Hole 
Drilling Transfer Machine at 
the Austin Motor Works, 
Longbridge, Birmingham 

This 13 station transfer 
machine, well known and 
established in the motor 
industry, has 19 operating 
heads ard vush-button control 
It relies largely on a hydraulic 
rower system for its automatic 
oreration. Regal Oil (R & O) 
provides the power line 
between the hydraulic pump 
and the operations to be 
executed. 

















5 special features make Regal Regent (R&0) 
Oils invaluable for all hydraulic operations 


INCREASING USE IN BRITISH INDUSTRY 
To operate efficiently, even the simplest hydraulic system must 
be kept absolutely clean. This means that wear must be reduced, 
rust eliminated and gum and sludge deposits prevented. 

Regal Oils (R & O) do all this and give long-lasting pro- 
tection to all industrial hydraulic systems. 

Which is a: more and more British industries are turning to 
Regal Oils (R & O) for high quality performance and complete 
dependability. 


RESIST OXIDATION Regal Oils (R & O) contain power- 
ful oxidation inhibitors which minimise the possibility of 
gum or sludge deposits and increase intervals between 
drain periods. 


PREVENT RUST Regal Oils (R & O) contain a rust in- 


hibitor which ‘plates out’ on metal surfaces, forming a ten- 
acious film that is impervious to rusting action of moisture 
and water. 


This eliminates damage so often caused by rust. 
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PREVENT WEAR Regal Oils (R & QO) cling to metal sur: 
faces and penetrate between closely fitted bearing surfaces, 
giving adequate lubrication. This way wear is minimised 


\ 

e 

ANTI-FOAMING Regal Oils (R & O) are processed so tha | 

they are highly resistant to foaming. This characteristic 
improved by additive treatment. 


WIDE VISCOSITY RANGE Oils (R & QO) are! 
manufactured in different grades to meet ever 
operating condition and give excellent performance at bot! 
high and low temperatures. 
Regent Regal Oils (R & O) meet the requirements of the British 
Hydraulic Pump os een The range comprises: 
Regal Oil A (R & O). Regal Oil B (R & O). Regal Oil CC 
(R & O). 
Regal Oil C (R & O). Regal Oil PC (R & O). 
Regal Oil PE (R & O). R & O Oil AA. 
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Creep-Forming Titanium with Resistance-Heated Dies 


A COMPARATIVELY new forming method, which makes it 
possible to shape titanium and other brittle materials 
without tearing or spring-back is creep-forming, in which 
sheet-metal parts are formed between dies heated to high 
temperatures. As the range of applications has been 
extended, efforts have been made to improve the die- 
heating methods used and to develop improved tools and 
tooling. As described in this article, one result of this 
effort has been the development of a final forming fixture 
which utilizes a resistance-heating method to produce and 
joggle titanium parts. 

To test the feasibility of resistance-heating, resistance- 
heated dies were constructed for the three most com- 
monly used component cross-sections in aircraft con- 
struction, i.e., angle-sections, Z-sections, and C-sections. 
Stainless steel, 0-09 in. thick, was selected as the die 
material, as it has several advantages as a creep-forming 
die material. Thus, it is easy to form in the annealed 
condition, has excellent scale resistance to 1600°F, is 
easily welded, and retains approximately 40°% of its 


By R. Lupwic 
From The Tool Engineer, U.S.A.., 
Vol 44, No. 3, March 1960, 
pp. 107-109, 6 illustrations 


strength at 1200°F. Die heating was effected with a 100- 
kVA resistance-heating machine, set to maintain the 
required temperature, which was held for 3 min to creep- 
form the part. Forming temperatures for various titan- 
ium materials ranged from 600° to 1200°F. 

All three fixtures proved satisfactory for physical 
strength, and there was no noticeable scaling of the dies 
at temperatures to 1200°F. No trouble was encountered 
when loading or unloading parts. Good joggles were 
formed in all parts, owing to the fact that the joggles were 
formed at high temperatures and also because the forming 
pressure is normal to the joggle area. Parts produced in 
the fixtures had satisfactory contours and cross-sections, 
fitting without clearance when placed back in the dies 
after forming. 


Heat-Transfer Processes in the Combustion Chambers of Aircraft Gas Turbines 


Most of the problems in aircraft combustion chambers 
are confined to the two extreme levels of operating pres- 
sure. Performance requirements associated with chemical 
reaction rates, such as high combustion efficiency and 
the ability to relight, are most difficult to meet at the 
lowest operating pressure. As the pressure is increased, 
reaction rates become less significant, and the main pro- 
blem is a mechanical one of providing a flame tube to 
withstand the combined effects of high buckling load and 
high metal temperature. 

It is generally recognized that the situation with regard 
to high metal temperatures would be eased considerably 
if a reliable method of estimating flame-tube temperature 
could be established. Any such method must, of course, 
be based on an understanding of the various heat-trans- 
fer processes involved, and it is the object of this paper to 
review existing knowledge of these processes. 

The paper analyses the relevant heat-transfer processes 
occurring in gas-turbine combustion chambers, and a 
general equation for flame-tube temperatures is derived. 
This equation is used to determine the effect on flame- 
tube temperature of changes in the operating conditions 
of pressure, inlet temperature, and air mass flow, and 


The Dynamic Stability of Gas-Lubricated Bearings 


ALTHOUGH gas-lubricated bearings are finding steadily 
increasing application, particularly in the case of high 
rotational speeds, it is none the less true that their 
Practical achievements have reached a more advanced 
Stage than the theory relating to their behaviour. This is 
especially manifest with respect to the dynamic stability 
of high-speed bearings, in which instances of dynamic 
instability frequently occur. The problem of stability in 
gas-lubricated bearings is, in practice, of considerable 
Importance, as it has a direct influence not only on the 
life of the bearings, but also on their safe operation. 
Indeed, in view of the relatively high speeds involved, any 
trend towards instability may lead to direct contact 
APRIL, 
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By A. H. LEFeBvre and M. V. HERBERT 
From an advance copy of a paper received from 
The Institution of Mechanical Engineers, London, 

February 1960, 12 pages, 16 illustrations 


experimental evidence confirming the predictions of the 
general equation is provided. The effect on metal temper- 
atures of simultaneous changes in all these three variables 
has also been studied, with the following conclusions :— 

(1) Flame-tube temperatures increase with an 
increase in pressure, an increase in inlet temperature, a 
decrease in air-mass flow, and an increase in flame-tube 
size. 

(2) At constant engine rotational speed, flame-tube 
temperatures increase with increasing aircraft forward 
speed and decrease with increasing altitude. 

(3) On rig tests, if actual engine values of flame- 
tube temperature are to be reproduced, high inlet 
temperatures should be achieved using a preheating 
process which does not involve vitiation of the inlet 
air. If vitiation is used, then additional oxygen should 
be injected upstream of the test chamber to replace that 
used in the preheat combustion process. 


By V. N. CONSTANTINESCU 
From Revue de Mécanique Appliquée, Roumania, 
Vol 4, No. 4, 1959, 
pp. 627-642, 10 illustrations 


between the sliding surfaces, to shocks and intense 
heat, and to seizure of the bearing. 

In this paper, the influence of operating conditions on 
the characteristics of gas-lubricated journal bearings is 
established, particularly the influence of eccentricity of 
rotation, and criteria are determined for evaluating their 
stability. It is shown that the dynamic stability of gas- 
lubricated bearings cannot be generally relied upon, 


9 








EiIE'’T Yy 








Po! 
PER 
MINUTE 


Photo printing at greater practical speeds 




















Your operators can now pro- 
duce high quality prints at 
greatly increased speeds _ be- 
cause the One-Step III is 
designed to give maximum assistance. 

From the start, its automatic features serve the 
operator. One switch controls the automatic 
starting sequence. 

It is compact, convenient to use, with simple 
controls all within easy reach. Automatic separa- 
tion and development reduce handling when 
printing and both prints and copies are auto- 
matically stacked—below eve level. With a feed 
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although, up to a certain speed, they may, in fact, be 
completely stable. Usually, however, gas-lubricated 
bearings are unstable, at least above a certain critical 
rotational speed—a conclusion which has been verified 
by various experimental tests by other investigators. The 
critical rotational speed n, at which instability can be 
expected to appear can be expressed as nm, = 2°84po'P?/p, 
where Po is the pressure at the point of maximum thick- 
ness of the gas film, ¥ is the clearance ratio of the bearing 
(i.e., the ratio of the radial clearance to the radius of the 
journal), and pt is the viscosity of the gas. 


Eutectic-Cell Count as an Index of Metal Quality 


THE properties of grey cast iron are largely determined by 
the manner in which solidification occurs. When a hypo- 
eutectic grey cast iron is cooled from the liquid, a 
sequence of solidification takes place, in which primary 
dendrites of austenite which are lower in carbon than the 
remaining liquid are first precipitated, thus increasing the 
carbon content of the liquid. During cooling, this process 
continues until the remaining liquid reaches eutectic 
composition and, at this stage, the mode of solidification 
changes, the eutectic beginning to solidify at a large num- 
ber of separate points or nuclei. Spheroidal aggregates of 
austenite-graphite eutectic, called eutectic cells, grow at 


each of these points and finally engulf the skeleton of 


dendrites previously solidified. 

The solubility of some trace impurities sharply de- 
creases on solidification of the metal, and these impurities 
therefore tend to be concentrated into the remaining 
liquid, continuing until the last liquid to solidify contains 
arelatively high concentration of impurities. When solid, 
it forms a “ shell *’ surrounding each eutectic cell, and it 
is this shell which makes it possible to reveal the outline 
of the eutectic cells as a network on a cut surface. The 
number of nuclei in a unit volume of liquid iron from 
which eutectic cells grow, has been termed the degree of 
nucleation, and, in recent years, the degree of nucleation 


The main cause leading to dynamic instability is the 
fact that, although motion is stable in relation to eccen- 
tricity, it is unstable with respect to the angle between the 
resultant pressure and the centre-line, which is not 
dependent on the value of the eccentricity ratio, i.e., the 
ratio of the eccentricity to radial clearance. This conclu- 
sion is also valid for unstable liquid-lubricated bearings 
with very small values of eccentricity, and also explains 
to a great extent the high efficiency of the methods used 
to promote dynamic stability, such as stepped bearings 
and the application of pressure. 


By J. V. Dawson and W. OLDFIELD 
From B.C.1.R.A. Journal, England, 
Vol. 8, No. 2, March 1960 
pp. 221-231, 19 illustrations 


and the number of eutectic cells per unit volume of a 
casting have been shown to influence a number of pro- 
perties of cast iron, stimulating interest in the measure- 
ment of eutectic-cell number as a means of representing 
casting quality and for control purposes. 

Several methods of eutectic-cell counting have been 
proposed from time to time, and it is the purpose of this 
paper to describe in detail the methods available and to 
present some experimental data to indicate the conditions 
under which each method may be used successfully. A 
simple projection microscope is described which enables 
comparison of numbers of cells to be made. Three 
methods of comparison of eutectic-cell numbers in cast- 
ings made in irons of similar type have been investigated 
and their merits and limitations are assessed. It is 
pointed out that area and line counting are most suitable 
for research work, but for routine control in foundry 
conditions the comparator method is quickest and, 
provided that the cell pattern is well defined, is very 
satisfactory. 





A Method of Measuring the Resistivity 


of Protective Coatings on Metals 
(Concluded from page 97) 


the input impedance of the oscilloscope is not infinite, the 
switch also enables the cell to be shunted during the 
measurement of voltage. In the final calculation of elec- 
trical resistivity, account is, of course, taken of the value 
of resistance Ri. The sensitivity of this method makes it 
possible to measure extremely high values of resistivity, 
using a current of less than | pA/dm2?. The measurements 
were carried out at a frequency of 20 cps, this being the 
minimum usable frequency permitting a persistent image 
to be obtained on the oscilloscope screen. The low fre- 
quency gives a more clearly defined instantaneous voltage 
drop, in comparison with the capacitive drop, and is an 
advantage for accurate readings. 

The resistivity of protective coatings was also measured 
Periodically during corrosion tests to determine their 
behaviour, the electrolyte being renewed every 72 hr 
over a period extending up to 45 days. Various types of 
rust- and fungus-inhibiting alkyd, phenolic, and vinyl 
coatings were tested, and their resistivity curves were 
determined as functions of the period of exposure. 
APRIL, 
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The experimental results showed that there was good 
agreement between visually observed conditions and the 
variation in resistivity values with time. In all cases, 
provided that the protective coating showed no visible 
signs of deterioration, the measurements of resistivity 
tended to remain at a constant high level. A marked 
falling off in resistivity coincided with the appearance and 
development of corrosion centres, cracks, and bubbles. 
In most cases, however, initial variations were noticed 
during a preliminary period, during which the coating 
settled to a stable condition after its first contact with the 
electrolyte. Consequently, comparisons of coating be- 
haviour were based on the portions of the curves obtained 
after this initial phase (which may be regarded as an 
** initial soaking **’ period) was completed. 

In conclusion, it can be stated that periodical measure- 
ments of the electrical resistivity of a coated metal surface 
give a valid indication of the degree of corrosion protec- 
tion provided by the coating. The measuring method 
used makes it possible to obtain quantitative values for 
the behaviour of coatings, and can replace visual observ- 
ations. The tests can be either continuous or intermittent, 
and the results can be used for comparative assess- 
ments of the corrosion resistance of various coatings. 
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New Materials, 


Processes, and Equipment 
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Production Distillation Simulator for 
Research and Development 

Designed at the Research Centre of the British 
Petroleum Co. Ltd., Sunbury-on-Thames, and manu- 
factured and marketed by Winston Electronics, Ltd., of 
Shepperton, Middlesex, England, the B.P. free-standing 
14-plate atmospheric and vacuum distillation apparatus, 
though developed originally for the distillation assay of 
crude oil, is stated to be a very versatile unit for a wide 
range of laboratory distillation work in organic chemistry, 
and particularly in the petroleum and solvents field. 
Thus, the main desirable features in distillation equip- 
ment are possessed by this unit, including large capacity, 
high throughput, ease of control, and suitability for 
operation at both atmospheric and reduced pressures. 
Light gaseous components can be handled in the liquid 
phase by circulation of suitable refrigerant in the con- 
denser and receiver system, and provision is made for 
the metering of non-condensable gases. 

The normal charge to the unit is 4 litres, enabling a 
sufficient quantity of each fraction to be obtained for 
subsequent analysis and refining treatment. The dimen- 
sions of the standard column are 36 mm internal dia- 
meter, 1370 mm length, and 1220 mm packed length, the 
standard packing being stainless-steel boot eyelets, giving 
a plate efficiency of 14, though alternative packings can 
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be supplied to suit requirements and in special cases to 
increase plate efficiency considerably. The column 
Operates under adiabatic conditions. 

In the assay of crude oil, it is possible to obtain com- 
plete data by means of pilot or semi-scale equipment in 
which the essential features of the large-scale refinery unit 
are duplicated. Such methods are, however, costly, and 
most designers of plant prefer a more general type of 
assay which involves a true boiling-point distillation and 
the preparation of yield data and curves of the significant 
properties of distillate fractions. The B.P. distillation 
equipment gives a sufficient degree of fractionation to 
enable these data to be obtained. Narrow boiling frac- 
tions can be analysed separately or blended in aliquot 
proportions to produce a number of possible refinery 
specification products for analysis, etc., including gaso- 
lines, reforming naphthas, white spirits, kerosenes, and 
gas oils. The residue from the distillation can be utilized 
to prepare a series of residues of differing cut-points by 
back-blending with the distillate fractions. Alternatively, 
the residue can be distilled further in a high-vacuum still 
to obtain lubricating oil and bitumen fractions. 


High-Temperature Flame-Cutting Lance 


As announced by the Linde Department of the Union 
Carbide International Company, a Division of the Union 
Carbide Corporation, of New York, the new ‘* Oxweld ”’ 
ACL-4 powder lance is capable of cutting through con- 
crete, metal, or any other known hard material of any 
thickness. In fact, materials which formerly have proved 
difficult or impossible to pierce with other methods can 
be pierced or cut with comparative ease with this powder- 
lancing method. For example, field tests have shown that 
concrete, 18 in. in thickness, can be cut at a speed of 
approximately 2 to 3 lineal feet per hour, while a hole 
can be pierced through an 18-in. concrete wall in about 
24 min, i.e., at a speed of more than 7 ipm. 

The key to the successful operation of the new ACL-4 
powder lance is accurate control of intense heat. Lengths 
of standard black iron pipe are fitted into the front end of 
the lance, which is connected to a source of oxygen supply 
and a special ‘‘ Oxweld *’ metallic powder mixture. The 
oxygen and powder are mixed in the pipe and are carried 
to the material being pierced or cut by the consumable 
pipe. The mixture is ignited at the end of the pipe, pro- 
ducing an extremely high-temperature reaction, estimated 
at about 8000°F, and capable of melting both ferrous and 
non-ferrous material in its path. On materials such as 
concrete, a special mixture of iron and aluminium pow- 
der, known as “ Oxweld’’ No. 201 lancing powder, is 
used, the aluminium further intensifying the cutting re- 
action. In the case of concrete, the average rates of con- 
sumption per square foot of concrete cut are 1000 cu ft of 
oxygen, 40 Ib of ** Oxweld *’ No. 201 powder, and 10 ft of 
standard black iron pipe. 

As extensive field tests indicate that there is no 
practical limit to the thickness of material that can be 
pierced by powder-lancing, it is expected that the new 
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This photograph was taken with the permission of the West Midlands Gas Board 


Make a note of this 


The recorders you see are in the booster house of a large gas works. 
They are, of course, Arkon recorders. 
Arkon recorders measure gas, air, steam, water and effluent flow 
in | inch pipe or 36 inch mains. The *y can also measure pressure or outle 
vacuum, or pressure and vacuum of gas and air from 0.1" W.g. Seats 
to 50 p.s.i. They give a clear. unmistakable record which you seal c 
read like a book. 
You can lez the chart on for a few hours. a day, or a week. 
The keen eve will he able to pick out in this photograph Arkon instruments are easy to read, easy to look after, robust 
an Arkon Liquid Flow Indicator on the pipeline above, and their accuracy will satisfy even the men in the lab. Send for 
and Arkon Full Scale Pressure Gauges on the panel itself pamphlet AD/ 24 for more details. 


WALKER, CROSWELLER & CO. LIMITED, CHELTENHAM 
Telephone Cheltenham 56317 
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lance will find widespread use in the construction and 
steel industries. On construction and demolition jobs, for 
example, the lance can be used to make vertical and 
horizontal cuts in concrete without noise or vibration. 
It is especially valuable on jobs where blasting cannot be 
employed, where mechanized methods are too costly, or 
where time is an important factor. Also, in steel mills and 
foundries, time-consuming jobs, such as opening slag 
pockets, cleaning soaking pits, etc., can be handled faster 
and far more efficiently. Operation of the lance is simple, 
and those who are familiar with oxy-acetylene welding 
and cutting apparatus should experience no difficulties. 
The forward end of the lance mounts a quick-release 
chuck-type pipe holder, and unthreaded pipe or tubing 
can be inserted or removed quickly and simply. 


Pneumatically Operated Floating-Piston 
Pump for Liquids 

Eliminating the need for such moving parts as a 
motor, drive shaft, packings, or seals, yet providing very 
efficient positive displacement of any liquid, irrespective 
of its viscosity, a new type of pneumatically operated 
floating-piston pump developed by the Crossley Machine 
Company, of Trenton, N.J., can be used to pump an 
extremely wide variety of materials, ranging from water 
and beverages to ice cream, acids, syrups, sludge, greases, 
mud, paints, and even concrete. 
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Fig. | 


Basically, the pump comprises three cylindrical cham- 
bers, with a free-floating piston in each cylinder and two 
ball check-valves in each base unit, the three cylinders 
being filled by gravity and emptied in sequence by com- 
pressed air. The operating principle is simple, as illus- 
trated in Fig. 1, in which cylinder (1) is shown discharg- 
ing, air under pressure, introduced through the top of the 
cylinder, exerting a downward pressure on the free-float- 
ing piston A and closing the inlet valve B and opening the 
Outlet valve C. The ball on the lower part of the piston 
Seats in the outlet before all the fluid is evacuated, so as to 
seal compressed air in the chamber. Cylinder (2) is shown 
completely filled and at rest, the air charge being switched 
to this cylinder by a timing-control system just before the 
flow from cylinder (1) stops, ensuring an uninterrupted 
air-free flow, while cylinder (3) is shown in the process of 
being filled. It should be noted that any chamber can be 
Stopped while the other two continue pumping. 

Each chamber is lined with stainless steel and com- 
prises a top plate, a replaceable cylinder sleeve, and an 
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inlet-outlet base unit. Normally, the pistons and ball 
check-valves are made of nylon but, for abnormal tem- 
peratures, e.g., pumping molten metals at temperatures 
up to 2000°F, pistons and valves of appropriate materials 
are available. 

As the pistons float on the charge, turbulence is 
eliminated and air absorption is minimized. It is stated 
that flow is absolutely smooth and air-free, that pulsating 
and surging are eliminated, and that the pump is noiseless 
and vibrationless. Furthermore, no safety or relief valves 
are required and, when a stoppage occurs, the pump 
itself stops. Other advantages are that the pump can be 
submerged in tanks or installed in mines, explosive plants, 
or other areas which are too dangerous for other types of 
pumps. Also, because each chamber is made of stainless 
steel, there are no contaminating surfaces, while cleaning 
can be effected simply by flushing through the inlet, and 
any component can quickly be reached merely by re- 
moving a few bolts. 

The dimensions of the new pump, a general view of 
which is shown in Fig. 2, are about 45 « 24 * 53 in. high, 
the basic capacity being 100 gpm, though this can be 
varied by changing the air pressure and the size of the 
inlets and outlets. The weight of the pump. with its cast- 
iron jacket and base. is about 1000 Ib. 


High-Temperature Thermosetting 
Electrical Tape 


A new high-temperature electrical tape. announced by 
John Gosheron & Co. Ltd., of London S.E.11, is based 
on I.C.1. 0-001-in. Melinex film and has an extremely 
stable key-coated thermosetting adhesive, carrying a 
guaranteed storage life of one year from the date of 
manufacture. After curing at recommended tempera- 
tures, the tape, designated ** Transonex ** thermosetting 
tape, will operate up to 180°C without deterioration. 

The new tape is stated to have excellent electrical 
properties, a high tensile strength, and outstanding 
resistance to acids and alkalis. It can be employed on 
applications involving solventless impregnation and 
varnishing and is available in a range of standard widths 
in 72-yard rolls on 3-in. cores. 
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Precision Push-Button Switches for 
High-Frequency Applications 


Stated to be the only one of its type to be mass- 
produced in the U.K., a new precision push-button 
switch, designed and shortly to be produced by Seton 
Creaghe Ltd., of London, N.W.10, should be a valuable 
addition to the range of multi-channel equipment now in 
use in a variety of industries. The switch is particularly 
suited to high-frequency applications and is designed to 
reduce maintenance and the likelihood of mechanical 
breakdown. In this connection, the prototype is being 
tested to a life of 1,000,000 operations. Tests have been 
made for a contact rating of 50 V, 250 mA d.c. non- 
inductive, and contact resistance is less than 0-02 ohm 
throughout life. The capacitance between contacts is less 
than 2 pF between springs and less than | pF between sets. 





The switch can be made with any number of buttons 
up to 16, and the buttons can be illuminated, if required. 
Each button has a standard contact arrangement of two 
double-pole change-overs. Only one push-button can be 
operated at one time, and the contacts of the operated 
button are cleared before a new contact is made. This 
arrangement can be altered to give ** make ’’ or “* break ”’, 
and electro-mechanical interlocking facilities are avail- 
able. The switch can be banked horizontally or vertically. 
The prototype bank of switches, with the front panel 
removed, is shown in the illustration. 


Tape for Sealing Threaded 
Connections 


Manufactured from P.T.F.E. and capable of being 
used with a wide range of fluids, including such materials 
as caustics and corrosive acids, ** Thredseal’’ tape, an- 
nounced by the P.T.F.E. Division of Crane Packing Ltd., 
of Slough, Bucks., is stated to represent one of the sim- 
plest, cleanest, and most efficient methods of sealing 
threaded connections ever devised. The tape can be used 
on threads formed in plastics, aluminium, stainless steel, 
ceramics, and, indeed, in virtually any material, and 
works equally well on imperfectly formed threads. 
Furthermore, it is self-lubricating and prevents galling 
and seizing. Connections can be drawn up to a greater 
degree of tightness than with conventional sealing 
materials and, as the tape never hardens, joints can easily 
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be broken, if required, even after very long periods. Other 
advantages are that it can be used to seal against very high 
pressures and temperatures ranging from —200 to 
+ 500°F, and that it is non-toxic and does not contami- 
nate fluids with which it is brought into contact. 
Installation of the tape, which is supplied in standard 
reels of 4 ft 4 in., is extremely simple:— A length of 
tape, sufficient to wrap around the pipe threads with an 
overlap of about 3 in., is cut from the reel and the end is 
laid on the male thread and held in place by hand. The 
free end is then drawn tightly around the threads, so that 
it conforms with the threaded surface, and is pressed in 
firmly at the overlap, causing the tape to hold in position 
by itself. The connections with the female thread are then 
made up in the normal way and tightened, the tape filling 
up voids in the threads and automatically providing a 
positive seal. 


Split-Type Precision Mechanical Seals 


In the new “ Sectaflex *’ split-type mechanical seal 
announced by Flexibox Limited, of Trafford Park, Man- 
chester 17, the problem of providing a rotary seal whose 
wearing parts can be easily and rapidly replaced without 
stripping down the shaft has been solved. Thus, replace- 
ment of worn parts merely entails removing a few 
screws, taking out the old parts, and inserting new parts 

~a matter of minutes—thereby cutting maintenance 
time to a minimum. Furthermore, the precision construc- 
tion of these seals ensures an extremely low leakage rate. 

The ** Sectaflex ** seal, which can be used at pressures 
up to 100 psig and temperatures up to 300°F, provided 
that the vapour pressure at the operating temperature of 
the fluid being handled is less than atmospheric, is a face- 
type mechanical seal in which sealing action is obtained 
by arranging for intimate contact between the rubbing 
surfaces of two assemblies, one of which is held stationary 
while the other rotates with the shaft. As these compon- 
ents are subject to wear, they are each divided into two 
halves and are assembled together in accurate alignment 
with the assistance of a solid locating ring. A third 
component, a flexible O-ring designed to prevent leakage 
along the shaft, is also split for ease of replacement. 

A unique feature of the design is the means adopted 
for ensuring that the rubbing faces are accurately aligned 
at right-angles to the shaft. This is effected by holding the 
stationary assembly firmly in a seal plate which is itself 
bolted to the stuffing-box casing. Set-screws in the seal 
plate itself then enable the relative position of the 
stationary assembly to be varied within fine limits. An 
exploded view of the components of a complete ** Secta- 
flex °° seal is illustrated and shows (1) the seal plate with 
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set-screws, (2) the stationary seal-ring body, (3) the split 
stationary seal-ring insert with solid locating ring, (4) 
the split rotary seal-ring insert with solid locating ring, 
(5) the split rotary seal-ring packing, (6) the rotary seal- 
ring body, (7) the spring, and (8) the spring sleeve. 

A variant of the basic design is also available in which 
provision is made for a positive circulation of the product 
being handled past the rubbing faces, thereby removing 
frictional heat, preventing the settling of sediments, 
abrasives, or polymers, and keeping the seals cool when 
handling hot products or warm when handling cold 
products. 


Transistorised Tramp-Metal Detector 


Combining the advantages of simple installation, 
robust design, and high sensitivity with low power con- 
sumption and the elimination of warming-up time, the 
new Type-T.L.D. transistorized tramp-metal detector 
announced by Metal Detection Limited, of Birmingham 
12, is fundamentally intended for the detection of ferrous 
and non-ferrous metal inclusions in such items as pack- 
aged food, confectionery, and chemical products, though 
it can also be used in other applications, including 
detecting tramp metal in tobacco, plastics, textiles, etc. 





The equipment comprises two items, i.e., a power- 
pack incorporating a relay stage, and the search coil, both 
units being fully transistorized. The oscillator section, 
which forms part of the search-coil unit, as shown in the 
illustration, supplies a high-frequency electromagnetic 
field to the coil and, when a metal particle embedded in 
the product passes through the coil, a signal is transmitted 
to the relay stage, which can be used to operate visual or 
audible alarms, reject mechanisms, etc. The detector 
unit is available in a range of sizes to suit belts of from 
6 to 24 in. in width, and with aperture heights up to 8 in. 
APRIL. 
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High-Performance Sub-Miniature 
Micro-Switches 


With body dimensions of only 0-5 x 0:35 x 0:2 in. 
and weighing less than 0-04 oz., a new sub-miniature 
micro-switch announced by Honeywell Controls Ltd., of 
Greenford, Middlesex, is believed to be the smallest of its 
type in the world, and is rated at 24-A surge, 7-A resistive, 
and 4-A inductive for operation at 28 V d.c. or up to 
250 V a.c. The temperature range is stated to be between 

65 and + 250°F, and a minimum life of 25,000 opera- 
tions is claimed. 

The contact arrangement of the switch, which is 
designated 1SX1-T, is of the single-pole, double-throw 
type, and the turret type of terminal design permits easy 
wiring of strong wrap-around connections. The ter- 
minals are plated for soldering. The case, cover, and 
plunger are of high-strength plastic, and the contacts are 
of silver, the snap-action spring being made of beryllium- 
copper. The switch mounts on 0-88-in. centres, one hole 
being elongated to facilitate positioning. Auxiliary 
actuators of about the same size, for use with the switch, 
are also available to suit most applications. 





Flexible Printed Circuits 

and Their Design 

(Concluded from page 91) 
adhesive tape for art-work is fast and effective. For large 
areas, a translucent red film on a transparent carrier 
sheet is available commercially. Conductors are outlined 
on the red film, and a sharp knife is used to cut along the 
outline. The film between conductors is simply removed 
to produce a finished drawing. Master art-work may be a 
composite of the black tape lines and red film, and this is a 
good method of producing rounded corners and odd- 
shaped conductors or pads. 

Corners, especially inside corners, should be rounded. 
One dimension, preferably the longest, should be indi- 
cated as a guide to proper reduction. Registration marks 
on the master art-work are necessary throughout the 
production process to key the positioning. 

Art-work is usually made up to four or more times 
the actual size of the finished circuit. Finished size, size 
of conductors, accuracies required, and limitations of 
camera equipment are determining factors. For small 
pieces, it is sometimes convenient and more accurate to 
make the art-work larger than four times actual size in 
laying out lines and spaces. 

Large drawings, exceeding camera dimensions, may 
be made in sections. These can be reduced photographic- 
ally, and the negatives spliced to produce the finishe? 
circuit. Negatives should be butted, when splicing is 
necessary. A contact print can be fmade to produce a 
single piece, with all splicing marks or overlapping of film 
removed. 

If a number of identical conductor patterns must be 
made, the negative can be prepared from a single piece of 
art by means of a step-and-repeat camera procedure. 
Patterns may be either continuously repeated (long 
cables), or prepared for die-cutting into separate units. 

Since printed-circuit etching processes are used in 
fabricating flexible printed wiring, everything appearing 
on the art-work can be reproduced in the finished wiring 
assembly. Consequently, it is only necessary to add such 
numbers, letters, or other markings at appropriate points 
to identify the circuit or individual conductors. 
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Taking the measure of HARDNESS — 


The Vickers Portable 


Gear Hardness Tester 


The Vickers Portable Gear Hardness Tester has 
been specially developed to test large gears in 
places where they cannot be easily moved—in 
ships, power stations, etc. Incorporating all the 
features of the Pyramid Hardness Testing machine, 
its extreme portability makes it particularly useful 
for measuring gear hardness in the shops where 
the hardening processes are carried out. As with 
all the Vickers Hardness Testers, it is equipped 
with the Micrometer Ocular, used in conjunction 
with the Vickers Pyramid Diamond Indenter to 
give readings in the internationally recognised VPN. 


The Vickers Portable Hardness Tester 
specially developed for dealing with large com- 
ponents which cannot be tested by the standard 
machines. 

The Vickers Pyramid Hardness Testing Machine 
compact in size and comprehensive in service, it 
enables immediate and precise hardness testing to 
be carried out at the place of production. 











Please send for a catalogue giving full details. 
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As quenching oil is used over a period of 
time, scale and tine metal oxide accumulates 
in the oil and carbon contamination arises 
from the contact with hot metal. The 
deteriorisation products give rise to gummy 
substances which ultimately affect the 
viscosity of the oil thus interfering with the 
rate of cooling and affecting the efficiency 
of the hardening process. Menrow Limited 
have developed equipment dealing with the 
deterioration of quenching oil, each plant 
being produced to suit the conditions 
prevailing. In addition, Menrow Limited 
manufacture a range of equipment for filtering 
cleaning fluids or cutting oils used in the 


MENROW 


MENROW LIMITED, 

FILTRATION DIVISION, 

1, SEKFORDE STREET, LONDON, E.C.1. 
Phone: Clerkenwell 8911 #0 


! 
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processing and machining of metal products. | 
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CROWN 
WHEELS and 


PINIONS 














. A vital contribution to the 
‘ efficiency and reliability 

1 | of cars and trucks 

. supplied by 


 AEPINTH-DERIHON- 


SHEFFIELD & DARLEY DALE 
High Quality Drop Forgings 
ofl. for the Automobile and Aircraft Industries 
" THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD, 


EST | 
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“CRS” stands for Charles Richards 
& Sons, of course. The extra ‘R’ 
stands for the grade, and identifies 
the bolt as a ‘Hi-Strain’ 45/55 tons 
tensile. And all of it means high 
resistance to stress and vibration. 
See that your bolts are signed with 
this long-lasting guarantee of maxi- 
mum safety 


BOLTS CHARLES RICHARDS & SONS LTD. 












P.O. BOX No. 23 - DARLASTON - WEDNESBURY - SOUTH STAFFS. 
"Phone: James Bridge 3188 (8 lines) P.B.X. Wires: “Richards’’ Darlaston 














oe needs cleaning — 
=a \ grease is no problem / 
anks tr GUNK/ 


When machinery is idle it is costing you money—therefore it 
is essential that the important job of cleaning and maintenance 
should take the least possible time. That’s where GUNK comes to 
your assistance, for it provides the complete answer to the problem 
of oil and grease. All you do is brush it on and then rinse it off 
with cold water, and all traces of oil and grease have instantly 











disappeared. It is clean to use and requires no preparation. 
And you can use it anywhere—all types of machinery, floors, 
walls, etc. 












TT 
Via | 
— Supplied in 5, 10 and 40/45 


WO) gallon drums. Send for free 
< oF. mall sample and prove for yourself 
how effective Gunk is! 








Manufactured by 
BENNETT (HYDE) | LTD., BOSTON MILLS, HYDE, CHES 


. HYDE 1377 8 Al 
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part of a special 
sequence control panel 










process timers 
cyclic timers 
delay switches 


full range of high 





accuracy electronic 
timers (for periods up to 
5 minutes) enable many 





processes to be left to 
carry on automatically. 
for automatic process control Repetitive accuracy is + 2°. 
While the Elcontrol single and cyclic units are very 
useful, a complete sequence panel may be more so. 
Let us help you towards the full benefits of automatic 
process control. 






















































Appointed Agents Telephone 
MIDLANDS A ™ Lock & Co Ltd Newborough Rd. Solshu! Shirley $703 
\’ N. WEST A M Lock & Co Ltd Union St Oldham Main 6744 
VJ} ) SCOTLAND: A R Bolton & Co. 3a St Vincent St. Edinburgh 3 Caledonian 2065 
| 
J) write to ELCONTROL LTD., HITCHIN, HERTS. Hitchin 24// 
j 
LTD. 
STAFFS 
aston REGD. TRADE MARK 
seem 
SOW LOWE 0a Stone C1ob ly 
ith the 
REDUCES 
The peak amperage during e 
Starting 
oan amazing 
: Starting shock and snatch 
> 2 PREVENTS 
ce Overloading electric motors and 
de] burning them out 
Breakage of fragile materials 
m due to sudden starting shock. 
off Damage due to overload. D RY . LU } D 
ly INCREASES 
n. The life of belt and gearing 
. PERMITS CENTRIFUGAL 
Inching and rapid reversal. 
SAVES 
| The cost of high starting 
torque motors. 
RELIEVES 
| The motor of load. 
For technical information POWDER COUPLINGS LTD., 
A Member of the Specialloid Group of Cor es 
and assistance write to... BAACuU- SOULE B7ARSET. Ceecos, 10 
’ Telephone | LEEDS 20936 & 31471/7 
ai 
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CONSULT 


the experienced 
multi-drilling specialists 


We manufacture all types of multi-drilling equipment 
from a simple two-spindle adjustable model to a multi- 
head that will drill a large cylinder block in one operation. 
SPK multi-heads are built up from a range of standardized 
interchangeable spindle assemblies and housings, which 
have been developed as a result of many years’ practical 
experience, resulting in the minimum cost and a proved 
performance. 

Could our equipment and experience assist your product? 


SLACK & PARR LIMITED 


KEGWORTH . Nr. DERBY 
Telephone: Kegworth 306 





























Maximum screen area and la OY ~daw A 2-1, a a en oe ee 


streamlined body ensure 
maximum flow. 


To learn more about them 


Y; 





SCREENS /(N COPPER MONEL, OR STAINLESS STEEL & 


| 


send for your copy of CHARLES WINN & CO. LTD. | 


leaflet C.V.S. and price list. 


134 


THE ENGINEERS’ 


Telegrams: Winn B’ham 


DIGEST 











GRANVILLE STREET - BIRMINGHAM | | ?- 


Telephone: MiDland 7151 (10 lines) 





High Speed + besa 
aac) Flexibility 
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the Steatktast  Fiexible High Speed hacksaw blade is hardened on the teeth 
only by a new technique, giving cutting performance equal to the normal ‘‘all hard” 
high speed blade. At the same time it imparts a flexibility which enables the blade to be 
used by the unskilled, without fear of breakage. 

The Steatttast Flexible High Speed blade will cut the toughest type of steel and 
withstands considerable mis-use, making it eminently suitable for ‘*difficult’’ jobs which 
require flexibility allied to maximum cutting power. 

_ : 

For economy and efficiency, there is none better than the Steck last Flexible 
High Speed blade. 


4 


| Steadfast ‘ 


| FLEXIBLE HIGH SPEED 


HTT TT TT) 


Available in the following sizes at the same prices as all other 
High Speed hacksaw blades. 


LENGTH WIDTH THICKNESS PITCHES OF TEETH 
10 








& . 025” 18, 24, 32 


12 1: 025 
‘ | } 14, 18, 24, 32 | 
EL | | 




















DARWINS TOOL DIVISION 


ne STEAD & CO. LTD. MANOR WORKS, SHEFFIELD, 2. 


‘ham 
S133 
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A well established process resistant to 

abrasion and corrosion and to the action 

of chemicals, water and propellent fuels 

Possessing maximum hardness without 
brittleness 


HOLDENS ~ 
IP i IN AM be 


Full Details From 


ARTHUR HOLDEN & SONS LTD., BORDESLEY GREEN RD., BIRMINGHAM, 9 


AION NO l (FNM ogo O_O WWW © hl ]«])1ovlo6 


Telephone: Victoria 2761 (5 lines) 


TOOLS 





STEEL 
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BRAYSHAW 


ENGINEERS’ SMALL TOOLS 
INTERNATIONALLY 
FAMOUS SINCE 1898 


The ability to develop must be matched 
by production efficiency and here is the 
answer to the world-wide reputation 
enjoyed by Brayshaw Tools Limited. 


Continual research under strict laboratory 
control ensures that tools of the highest grade 
material and workmanship are available 

to meet the demand of present-day industry. 


Comprehensive stocks of standard tools are 
always carried to ensure prompt and efficient 
delivery. Stock list available on request. 


BRAYSHAW TOOLS LTD. 


BELLE VUE WORKS, MANCHESTER, 12 





Telephone: EAST 1046/7/8. 


Telegrams: ‘‘HARDENING"’, Manchester 


London Office: 232 Bishopsgate, LONDON, E.C.2 
Telephone: Bishopsgate 3575/6 
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“FHREAD_-MILLING CUTTE 


Ss MILLING CUTTERS 
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STEEL TOOLS 






Gi 


For all precision tool 


THREAD_MILLING CUTTERS @ HIGH-SPEED- 


grinding operations, wet 


or dry, ask us for details 


ANN 


of 


THE UNIVERSAL 
TOOL GRINDER 


_ 


~~ 


4P 


PT 
if 
am 


_. 30 rue RAMUS, PARIS, 20. ROQ@ 70-14 


4) 
4 
wi 
f 
5 developed by 
U 
0 specialist 
E 
< tool designers 
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** As clean as a Gloucester Casting ” means that 
Gloucester malleable iron castings are of high defini- 
tion, true to pattern, cleaner and smoother because 
of better sand practice and better fettling. 

Mould and core sands and their bonding additives 
are under constant laboratory supervision, even the 
very sand grains are sized and numbered, and con- 
sistency and distribution of sand are strictly controlled 
by a continuous mechanical unit. The high refractory 
characteristics prevent sand “‘burn-on”’ at re-entrant 
angles, thus greatly increasing the life of cutting tools 
during the machining process. ‘The new elevator- 
type electric furnace anneals in 48 hours—instead of 
the usual 7 days. It also allows greater control of the 
component during annealing, resulting in uniformity 


of metal, greater strength, and resistance to impact. 


A typical Gloucester Malleable specification. 





Gloucester Lamellar 
Pearlitic Malleable 


Gloucester 
Blackheart Malleable 





Elongation a 18% 
Yield Point 12 tons 
Tensile Strength 25 tons psi 


Elongation = 5% 
Yield Point 24 tons 
Tensile Strength 35 tons psi 














Bearing bracket in Malleable 
Tron. Weight 33 lbs. 







Brake shoe for 
small vehicle in 
Malleable lron. 


GLOUCESTER 


Gloucester Foundry Ltd., Emlyn Works, Gloucester 





Telephone: Gloucester 23041. Telegrams: ‘Pulleys’ Gloucester 


(A subsidiary of the Gloucester Railway Carriage & Wagon Co. Ltd.) 
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Reduce accidents caused by slipping or tripping. 
Available in coloured P.V.C. Oil and water resisting. 


Z ieesaieal MATS \\\ 


1 
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H. BRAMMER & CO. LTD. 


HUDSON ROAD LEEDS. 3. 











STEEL 


The Nitriding Process for 
Case-hardening Special Steels 
by Nitrogen Offers 





e Surface hardness up to 
1100 D.P.H. 


Retention of full hardness 
after heating to 500°C. 


& Maximum resistance to 
frictional wear and 
fatigue. 
co improved resistance to 
corrosion by water and 
steam. 
Particulars from:— 
NITRALLOY LIMITED ATLAS WORKS 
SHEFFIELD, 4. 
Telephone: Sheffield 26646. Telegrams: ‘* Nitralloy, She 








TEST PUMPS? 


y Baileys 


1 -mediate delivery avail- 
able from a wide range of 
sizes and types for all 
industrial purposes from 
300 p.s.i. to 45,000 p.s.i. 






Illustrated: Hand-operated 
concentric ram test pump, 
with 2 in. ram for rapid 
filling of vessel to be tested 
and 3 in. ram for obtaining 
the pressure. Suitable for 
pressures up to 1,500 p.s.i. 


SIR W. H. BAILEY & CO. LTD 
PATRICROFT * MANCHESTER 


Phone: ECCLES 3487-8-9 
Grams: BEACON TELEX ECCLES. 


LONDON OFFICE: Selinas Lane, Dagenham, Essex. Tel. Dominion 2277 


SLUICE VALVES ~- REDUCING VALVES ° TEST PUMPS TURNSTILES 
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BROADBENT&CO.(rocupate)L1) 


Ghove Spring Wervhd. WANCOLN STREE' 
ROCHDALE Lancs. Phone:-Rochdale 4628 
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for 100 percent 
accuracy 


in making form tool cutters of all 
types. We have over a century of 
experience in precision engineer- 
ing and non-standard flat and 
spherical form cutters are our 
speciality. 

Look for Chatwin. The name for 
a guarantee in precision and 
accuracy. 


Write for a copy of 
the Chatwin Small Tools 
Catalogue. 


Thomas Chatwin & Co. 
Great Tindal Street 
Birmingham 16 
j Phone: Edgbaston 3521 

/ 5 London Office: 25 Hanover Sq., W.! 
ORKS "Phone: MAYfair 8783 
Area Sales Offices in Bristol, 
Manchester & Newcastle-on- 
Tyne. 





TEROMAS CHATWIN & CO. 














Run rings 
PT are] el ale Mm ial-lee 











b ZolU MM or-Valrol slolel\- Ma inelss Mech e-laler-tae Mmm Oleh ce lalellal-@lat-lals-mehi 
PISTON RINGS AND ASSEMBLIES 
for any type of engine ... Steam, Petrol or Diesel... 


EVivom kolamorelaalela-t-t1elam-tale mal ela-leli omer yen 





i A i] 


. but make sure 


Sta ni 


THE STANDARD PISTON RING & ENGINEERING CO., LTD., 


Premier Works — Road e Sheffield 9 e i tate] F-lale! 
Telephone: Sheffield 42076 (3 lines) Telegrams: Ocean, Sheffield. 9. 
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Esc: 1895 


HERMETIC pypeer CO.LTo 


Telephone: East 3638/9 
Grams: Hermetic, Birminghe 


| 
| 
| 


“Hermetic” Works Priory Rd., Birmingham 6 


7 
oe | 
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GAS FLOW 
INDICATORS 


Direct Reading, variable aperture 

type, from 0 to 150 Ib./sq. inch. 

For all types of gases; can be calibrated 
to customers’ requirements. Brass 
body, stoved black crinkle finish. 


Cast Iron Body for Corrosive Gases. 
Scale Plate in black crinkle, chrome 

or polished brass. 

All Unions, etc., chrome plated. 
Stainless Steel Float, in clear glass tube. 


Customers when ordering should state— 
(a) Specific Gravity and 
Working Pressure. 
(6) Maximum and Minimum 
Rates of Flow. 


THOMAS THORP &-( OLD 
BMT. ¢ ft Le ZL D. Ma, IDE SCEL 


INA WHITES] 
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“but why 
a metric 





Rotameter?’’ 


Because it is a low cost high quality flowmeter 

that can be delivered from stock, can be adapted to 
meter different fluids, can be serviced from interchange- 
able stock parts, and which has a mounting designed 

to withstand rough industrial service. 


Metric Rotameters comprise sixteen sizes of tube 
accommodated in five sizes of frame to cover 
flows up to 200 Litres | Minute of water or 2,000 
Litres | Minute of air at N.T.P. Interchangeable 
floats of differing composition cater for all gases 
and liquids including corrosives. P.T.F.E. 

gland packings are available. 





Full information is given co 
in leaflet ED.2020/27. s 


| co 
‘Ce 


FLUID MEASUREMENT AND CONTROL *&XHIBITION 
FLOW-DENSITY- LEVEL STAND No. E210 


ROTAMETER MANUFACTURING CO. 
30 PURLEY WAY - CROYDON 


LIMITED 
SURREY 













Telephone: CROydon 3816 
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It’s worth looking into 


HILGER PRODUCTION 
PROJECTORS 


to see increased 
efficiency and a saving of time in the 
GAUGE-CONTROL ROOM 
DETAIL INSPECTION DEPARTMENT 
TOOLROOM MACHINE SHOP 
Rapid routine inspection. Checking form tools and 
gauges, gear hobs, worm hobs, thread milling hobs, 
and hand filing against templets. 


Write for details of our complete range of projectors. 





The versatile 
UNIVERSAL MEASURING PROJECTOR 









This valuable multi-purpose projector will check 
gauges, tools and hobs throughout your inspection and 
gauge-control departments and will save time and 
manpower. It takes all kinds of objects up to 14 inches 
long and 8 inches in diameter, and weighing up to 60 
pounds. It can be supplied with micrometer or glass 
scales. The projection screen has a usable diameter of 
20 inches; a circular protractor enables readings to be 
taken to | minute of arc. 


The inexpensive CHEKKER PROJECTOR 


Room can easily be 
found for this little 
instrument. Built with 
Hilger precision for 
high accuracy and 
maximum utility in 
the workshop and 
the inspection 
department, it can be 
mounted vertically or 
horizontally. 


HILGER & WATTS LTD 
98 St Pancras Way London NWI 
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ACER 
AIR HYDRAULIC 


UNIT DRILL HEAD SERIES | 
40 OVERALL WIDTH (with cover) ONLY 4?! 


2* oy 63 


o ~ Specially designed for light, high - 
precision work. Specification includes: 
the following features... 





% 4 SPINDLE SPEEDS—MAXIMUM 10,000 R.P.M. 
se INFINITELY VARIABLE FAST APPROACH AND FEED. 
. % RAPID OPERATION—FAST APPROACH) 
AND RETURN AT RATE OF 12” PER SECOND 
%k VERY LOW AIR CONSUMPTION 
te DRILLING CAPACITY— 4” IN ALUMINIUM 
3,” IN STEEL 


Write for full particulars to the Manufacturers | 


W. J. MEDDINGS LTD 


IPSWICH ROAD, TRADING ESTATE, SLOUGH, BUCKS. Tel: SLOUGH 223%: 


View with cover removed. 





s HIGH-DUTY anos 


, 5G. NI-RESIST Iron 


Castings 
and 
Components 








If you need 
a casting or 
component for 
a difficult or 
highly specialised application, 
pass your problems to the John 
Williams aie Division — they’ll do the rest. 





nn 
» 
) 





THIS turbo blown diesel engine exhaust 
manifold, cast in S.G. Ni-Resist alloy 
iron, stands up to extremely high working 
temperatures. 


Water in in your aur lines? 
A COMPLETE TECHNICAL VICTOR CAN HELP! 


a AND FOUNDRY SERVICE 


Backed by advanced research laboratory facili- Please write for Booklet No. C. A. 100 to 
ties. For a consultation—without charge or 


iat a, VICTOR PRODUCTS (WALLSEND) LTD., 
JOHN WILLIAMS OF CARDIFF LTD WALLSEND-ON-TYNE 


EAST MOORS ROAD, CARDIFF Tel: Cardiff 33622 (12 lines) 
Telex 49303 
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The MIL FLOAT TRAP is a worthy 
companion to the MIL range of 
Thermostatic Steam Traps. It has 
been designed especially for use on 
those applications where a _ rapid 
heat transfer rate is essential. 





FUEL EFFICIENCY EXHIBITION 
Stand No. 7, Row “H” 
Ground Floor, Grand Hall 


MIDLAND INDUSTRIES LTD. 
HEATH TOWN WORKS, WOLVERHAMPTON 


Telephone: 23901 
London Office: 28 Victoria Street, $.W.1 
Glasgow Office: 69 St. Vincent Street, C.2 











su leeuay SAVED! 


BROCKHOUSE 


MACHINE 
TOOL 
REBUILCING 
SERVICE 


Why not consult us about 
that one-time useful ma- 
chine tool which is now 
standing idle? We have a comprehensive machine tool 
tebuilding service available for LATHES, AUTOMATICS, 
‘MILLERS, SHAPERS, PRESSES AND DIE CASTING 
MACHINES up to 8 ton weight (approx.). 


|. BROCKHOUSE & Co. Ltd. ARMSTRONG STEVENS 


Machine Tool Division, - ELMS WORKS - WOLVERHAMPTON 
Tel. 2380! 


D. 
WHITTALL STREET: BIRMINGHAM - 4 
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REWIREABLE FUSE LINKS 














This range of Aeroflex Fuses has a proved breaking 
capacity of 46 KA and a standardised fusing factor of 
1.25. Known as the AD and FC types, they are fully 
interchangeable with their predecessors, the AF and CM 
patterns, and, of course, they are rewireable—fuse links 
are not discarded when blown, they can be returned for 
prompt replacement in our rewiring service scheme. 
Send for Publication CF.2. 


Parmiter Hope & Sugden Ltd 


MANCHESTER 12. 
Birmingham: 39/41, Carrs Lane, 4. 


Offer 
Advanced 


Characteristics 


London: 34, Victoria St., S.W.1. Glasgow: §, Somerset Place, C.3. 
























COMPLETE cra, Hal Gale 
RANGE OF Olympia, 23-28 May 1960 
BENCH, PILLAR, to 
AND AUTOMATIC indicate, 
DRILLING 
anaes record or 
From 6 to 50 mm control 
capacity. 
a ting ee 
in-line arrangement. use Mercury-in-Steel 











SPECIAL MULTIPLE 
DRILLING HEADS 
TO CUSTOMERS’ 
DESIGNS. 


Agents wanted for un- 
represented countries. 


Fabbrica Italiana Trapani 


IDEAL MILAN O-ltaly 
Piazzale PASOLINI, n.2 - Telef. 694.273 
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ototherm 


INSTRUMENTS 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 





THE BRITISH ROTOTHERM CO. LTD. 
Merton Abbey, London, S.W.19. Phone: LiBerty 766! 
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CYANID 
CASE H, 
CAST IR 
PHOSPH 














| fj , . 


blades moulded from Polyethylene or Nylon with nylon 

or die-cast aluminium centre. By providing blade sets of 
varying numbers and pitches in conjunction with various hub 
diameters, a wide range of fan duties is obtainable. 
Due to their light weight construction *Multi- 
Wing" Impellers are not subject to any appreciable 
unbalance thus reducing vibration to a minimum. 
**Multi-Wing” Blades are not affected by corrosive 
fumes and are adaptable for many purposes 


This new patented “*Multi-Wing’’ Axial Fan Impeller has 






Mutti-Winc 


‘N 
FAN 








} CYANIDING POTS 
CASE HARDENING BOXES 


SURE 


TD. 
, 766! 


T 








adel / 

a Lightweight 

, Strong 

» Silent 

> Sparkproof 
> Acia-proof 


Blades are strong but can be replaced quickly and cheaply 
in the event of accidental damage. 






Range: 10—24 inch diameter. Send for list. 


Industrial Fan « Heater (0. Ltd 


Goh ~WORKS, BIRMINGHAM, II. Phone VIC2277. 
A MEMBER OF THE SIMMS GROUP OF COMPANIES 


and at LONDON, MANCHESTER, SWANSEA 








STAINLESS STEEL 
HEAT RESISTING 


CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc. 











Foundry : 





TH. JOHNSON 


APRIL, 
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A vicHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray contro 


AM fehason . Ks Tad 


Regd. Office and Works: 
BROADFIELD RD., SHEFFIELD 8. 
Telephones: 52431 4 
Office and Works Entrance: 
AIZLEWOOD RD., SHEFFIELD 8. 

Aizlewood Road, Sheffield 
Machine Shops : Broadfield Road, Sheffield 
London Office : 
Upper Woburn Place, W.C.1 
(EUSton 4086) 
Glasgow Office : 
(Central 8342/5) 


FOSTER LTD. STEELMAKERS & FOUN 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


HIGH SPEED TOOL, DIE 
& SPECIAL ALLOY STEELS 
also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 


Central House, 


93 Hope Street, C.2. 
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eee RING : 
Birkenhead 
4747-8-9 














for immediate deliveln 
ex-stock of ALL BRITISH 
AABACAS wists 


and ‘off-the-shelf’ spares ! 








Foo coe cnnaeree.., 








yeti AABACAS ENGINEERING CO. LTD. 
Handl 
Equipment 2 GRANGE ROAD., BIRKENHEAD, ENGLAND 
Seliaiaal Manager = London Office : St. Martins House, 29, Ludgate Hill, E.C.4. Tel: City 7831/2 
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CENTRELESS | 
GRINDING 


DEEP DRAWN 
DRAWING 


You can Count on 





GRIFFITHS, GILBART, LLOYD. & CO. LTD. oo 
EMPIRE WORKS, PARK ROAD, BIRMINGHAM 18 tior 
Telephone: Northern 6221 plat 
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Time 
marches on... 


and this 24in, PODMORE BOWL FEEDER is playing 
an important part in the assembly of alarm clock 
centre wheels at the works of 





Limiwtreseo 


PODMORE BOWL FEEDERS are supplied in a range of sizes for the selecting and feeding 
| in single or multiple lines—of small components for processing, assembly or packing. 







Almost any small component can be fed by Podmore Bow! Feeders. Send us details of your feeding 
problems and let us advise you. 


TEL: STOKE-ON-TRENT 23257-8 


HANLEY, STOKE-ON-TRENT 















PRESSINGS 


If you require pressings consult Ward 

| (Metal Details) Ltd. We are specialists 

gum) in the manufacture of all types of small 

| and medium pressings of any shape, size 

and thickness, in steel, tinplate, copper 

etc. from which complete assemblies can 

be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 

our products, and similar components 

can be produced to your own specifica- 


tion and design, and supplied in painted, 
plated or cata’ inches. D A R L A S T 0 N ‘ S T AF F S 
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Make an instrumental note. 


that if you have anything to analyse, to measure, 


inspect, or survey, the people to help you are Hilger & Watts. 
Autocollimators, Block Levels and Clinometers, Circular 
Division and Angle Measuring Instruments, Dividing Engines, 
Linear Measuring Machines, Microscopes, Gauge Interferometers, 


Optical Flats, Angle Gauges, Polygons, Etc. 
Projectors, Analytical Instruments, Surveying Instruments 


. Scales and Circles, 


- LONDON - NW1 


HILGER & WATTS IN¢ 


HILGER AND WATTS LTD - 98 8ST PANCRAS WAY 


cHicaco 5, USA 


HILGER & WATTS LTD., WITTEN-ANNEN, GERMANY 
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LOOKING FOR FLUIDS—with exceptional thermal stability—fluids that are water-repeiien 
and retain good dielectric characteristics over a wide range of temperatures — thd 
resist oxidation—have low volatility and show little change in viscosity with temperatur 
—are ideally suitable for use in damping mechanisms—as heat transfer media—and for us 
in hydraulic, springing and coupling devices—GET THEM FROM MIDLAND SILICONES 


Remember — Midland Silicones Ltd. have consistently set the pace for British progress in this 
developing field. Remember, too, tnat while silicones cost more initially, this extra outlay is more tn 
offset in terms of greater efficiency and long term economy. 


@™sS) MIDLAND SILICONES LTD 


Associated with Albright & Wilson Ltd and Dow Corning Corporation 
first in British Silicones | 
68 KNIGHTSBRIDGE - LONDON - SW1 TEL: KNIGHTSBRIDGE 7801 


Area Sales Offices : Birmingham - Glasgow - Leeds - London - Manchester dvents in many countries 
eoeeevevevecevseeeeeeeeeeeee @F 
The full range of MS silicone fluids is NAME 

described Tamel=a CU Mia melei@malci am tale lialst-aaiaye COMPANY 

Guide to MS SILICONE FLUIDS.’ Just 

complete the coupon and we'll be glad to 

send you a copy. 
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Fortox Flexible Covers are designed and 
manufactured specifically to fit any part of a 
machine requiring protection. Single items can 
be supplied promptly, usually without tool 
charge. Made in neoprene-nylon, proofed leather 
or coated fabrics, according to conditions, 
Fortox Covers exclude dirt from sliding members, 
cutting down wear, reducing maintenance and 
lengthening the life of a machine. Write now 
for our technical book ‘The Design and 

Use of Corrugated Covers’. 

Ask also about Fortox Leather Seals and 
Packings made to requirements. A range of high 
accuracy polyester, silicone or synthetic rubber 
impregnated leathers is available to ensure 
positive sealing over a wide variety of conditions. 

















ing 
1ine protected 
with Fortox covers 





HENRY BEAKBANE (FORTOX) LIMITED FORTOX xe) auerd.< 


Head Office: THE TANNERY, STOURPORT-ON-SEVERN. WORCS seals and 


Tel. Stourport 2017. Grams: Beakbane, Stourport packings flexible e's) 
London Office: 28-30 LITTLE RUSSELL STREET, LONDON, WC.1 
Tel. Holborn 7295. Grams Beakbane, Westcent, London. 








CE Nj T F C PROGRAMME CONTROLLED 
Automatic Milling Machine 





DeVier! 
— thd for consecutive 
_— operations in 
Or uSé ‘ 
yng, automatic sequence 
nis | are used by 
ROLLS ROYCE at 
their aero-engine 
factory at Derby 
Four of a batch of eight 
machines, each operator 
~~ works two machines. 
- Photo by courtesy of Rolls Royce Ltd., Derby 
» MSHCENTEC MACHINE TOOLS, LTD. | CENTEC WORKS HEMEL HEMPSTEAD HERTS _ Tel: Boxmoor 584-5-6 
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HOT BRASS STAMPING 
Countersink. Formand combi 
drill. Face and Chamfer. Ext 
thread (2 diams.) and recess, 
SPINDLE SPEEDS:L.H. 1440 8] 
R.H. 5828 
CYCLE TIME 20 SECO} 


Top: B.S.A. No. 98L automatic 
arranged to produce the -subject 
component is equipped with 


- . " ‘ : eo 
pneumatic workspindle -positioning ; . ; spindle 


attachment for stopping and locating - , automa tics 
the spindle with chuck jaws in a oe 

position of definite relation to .3 \ 

tooling or, as in this example, the 

component. 


Above : Vibratory hopper feeds the 
components to gravity chute. 


Right: Air operated escapement 
releases components singly to a 
carrier on the third slide. Component 
is pushed into the chuck (positioned 
to receive the hexagon) by a ram in 
theturret. Thread cutting attachment 
is on front slide. 


sense sane Made in several sizes and 
4 variations to suit the purpose 
¢ STAND 15 


GRAND HALL 


or -$ B.S.A. TOOLS LTD BIRMINGHAM 33 ENGLA 


Cables MADRICUT BIRMINGHAM TELEX 33-207 





SOLE AGENTS GT. BRITAIN: BURTON GRIFFITHS & CO LTD MACKADOWN LANE BIRMINGHAM 33 TELEPHONE STECHFORD 








